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SUMMARY

This report presents an edited, abbreviated version of
the proceedings of the Third Interlaboratory Cornference on
the Mechanisms and Kinetics of Virus and Spore Inactivation
held at Llewellyn Farms, Morris Plains, New Jersey, May 6,
1955, and at the Chemists' Cluh, New York City, May 7, 1983,
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Iz Hovember 1953, Juns 1854, and Hay 1955, thwee svgcesszive

. wore nelid Yo discess the subject of the mechenisms and kineticz of virus
and spore ipactivatlion. Personnel attending these codlevences were engags

in research umder contracts with the Decoesmtamination Branch, Physical Deivnue

Pivision, Fert Detrick, Edited tramscriptioms of the firat twe confere
wers published as Fort Deirick Interim Reports 67 and §1 and were distributed
to waricus invesiigators to inform them of the mature and direction of the
ressarch of gthers in closely associsted fields.

%he proceedings of the third conference are herein similarly collected;
however, a reduction in funds for the support of resesvch comiracts by
Decontamination Bramch has asince resulted im the canceilation of all sontracis
s this subject. This report, comsequentiy, may well be the lmot roesnliing
from tae conferences, but we hove it will serve workers im the fisld of steri-
lization 28 a guide in fulure work.

He have attempted to reproduce herein both the factual data presented
and the apirit of informality and cooperation which pervaded the confer:nce.
e hope, however, that the conferees will torgive us for taking 1il: _ics
with their spoken and written words, but we accept full responsibility foi
any mistaken or incomplet~ impressione, The participants in the third
sonderents are ghown in Figure 1,

Chemdcal Corpa and of all the conferess 1o Dr. Georgs H.
r¢h Director, Warner-l:mbert Laboratéries, who was host for
ence for the third time, Ths confersnce was 2 success largely

»
b3 P Tl 2o o AT
Hongun and his ataff.,
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Participants in the Third Interliaboratory Conference., Fromt row,
left %to right: R.K. Hoffman, E.C. Mayo, D,M. Portmer, S. Yaverbaum,
Fort Betrick; M.E. Deutsch, Warner-Lambert Labs. Z2ear, left to
right: G.F Reddish, Warner-Lambert Labs; S. Kaye, Fort Detrick;

G. Darker, Ben Venue labs; B. Schwartz, Warner-Lambert Labs; H.¥W.
Eeine, Bucknell Univ.; B. Lasley, Warner-Lambert Labs; R.W. Br:ckman,
Scuthern Researci. Inat.; B. Dubnick, Warner-Lambert Labs; 3.5, ‘
Church, Univ. of {ich.; F.M. Schabel, Jr., S. Res. Inst.; F.%,
Engley, Jr., Univ, of Tex.; H.&, Skipper, S. Res. Inst.; G.:! ‘izangun,
Harner-Lambert Labs; H.0. falvorson, Univ. of Mich.; B. Edwards,
¥Warner-Lambert Labs; F.HW., Shaver, B.F. Goodrich Res. Labs; J.R.
Leonards, Ben Venue Labs; H.O. Halvorson, Univ. of I1l.; R. Porter,
Fort Tetrick; R.G. Sanders, Warner-Lambert Labs; T.B, Stis, F. ¢
toicr,  Conderees not shoen in the picture: u.B. HWilliams, . v,

"

few.; L.P. Greenberg, Fort Detrick.
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Figuré'«i. Pwticipants in the“l‘hj.r& nterlaboratory Conference.; Front rbw,
1eft to right: R.K. Hoffman, E.C. Mayo, D.M. Portner, S.. Yaverbaum,;

Fort Detrick;: M.E. Deutsch, Warner:Lambert Laba. - Rear, left .tc -
right: G.F Reddlsh, Harner-Lambert Labs; S. Kaye, Fort Detrick;

.G.-Darker, -Ban.Venue -Labs; B.: «~Schwartz; Warner-Lambert Llabs; H.¥,
- Beiney PBucknell. Voive;: B.= Lasley,ﬂarner-Lambért Labg; ‘R.W. Brs lm:an, ,
-Southern:Researcic Insts; Bis :Dubnick, Warner-Lambert - Labs; R R A '

Church, Univ, . of lich:;*FM. Schabel, Jr.; S. Res. Inst.,‘&..‘s. :
Engley, Jr., Univ. of Tex.; H.E. Skxpper, S.:Res, Ifst.j G.i. Mangun,
VWarner-Lambert Labs; H.Q. Halvorson, Univ. of Mich.; B. Bdwards,
Warner-Lambert Labs, F.¥. Shaver, B.F, Goodrich Res. Labs; J.R,
Leonards, Ben Venue Labs; H.O0. Halvorson, Univ. of Ill.; R Porter,
Fort Detrick; R.G. Sanders, Warner-Lambert Labs; 7.B. Stix, ¥
Detrick, Conferees not shown in the picture: 0.B. Williams, . ..3v,
of Tex.; L.P. Greenberg, Fort Detrick.
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I, MINUTES OF THE FIRST SESSION

EAYR: This is the third and last annual gathering of comtraciors cf Fori
Detrick who are performing research on the mechanism and kinetics of virus,
bacterial, and spore imactivation, All these meetings have been convencd
by Dr. Mangun, who, in addition to having a contract with Detirick,; is
coordinator of this phase of our research, It appears desirable to us fc
have all contractors, ex-contractors, and will-be contractors get together
and discuss unclassified work relating to the inactivaticn of the various
types of organisms in which we are particularly interested.

HANGUN: I had hoped that Dr, Skipper could be here to act as Chairman for
this first session on viruses, but he has been delayed, I thiuk iiat per-
baps the best thing to do under the circumstances is to go ahe».i with some
of our own kinetic studies.

DEUTSCH: First, let me review what our thought has been in the p.:i. Our
thought has been to get at the mechanism of viral and spore inactivation by
studying the kinetics of the inactivations, Our procedure has been very
simple: Prepare the suspensions of spores and viruses at a constant pH

and temperature, exposs them to the inactivating agent, ard atudy the velo-
city of the disappearance of viability or infectivity.

Making these studies at different concentrations of spore and insctivat-
ing agents, we have been able to determine that all of our inactivating re-
actions are first order with respect to biological agents, and first order
with respect to inactivating agents, That is, the mechanism fits » one-to.
one reaction, a reaction betwzen one molecule of inactivating agent and one
molecule of biological mat.rial; by molecule of spore I mean one spore, by
moiecule of virus, I mean one virus particle, By studying these kinetics at
different temperatures, 2 have been able to derive certain thermodynamic
parameters of the imactivating reaction., These have been calculated using
the convention that a mole of spores is 6,02 x 1023 spores, and a mole of
virus is 6,02 x 1023 virus particies,

Table I is a summary of thermcdvmamic parameters that we have determined
using this techaioue. One of these parameters is enthalpy or heat of acti-
vation; that is, the change in AHR¥ occurring duriug formation of the acti-
vated complex, “hich is an intcermediate between the unchanged virucide and
the virus and the inactivated virus with the virucide molecule added onto
it. The 3econd parameter is the Z&S*; that is, the entropy change accom-
panying the formation of %he¢ activated complex which is the first stage
in the inactivation of the iinlogical agent, You will notice that, although
this fable treats » nummiwr of alkyleting agents and a number of biological
atariais {fomitting the licrset iwo entries}); all of these {igures ars of the
~inr o. magnitude » The first two rows on ihis fable are a 1little
i oine rest, They aoe for chemical reaciion betlwcen propio-

<

e . )
14 you sindy this reaction a2t 2 numbes
$ 5 i PP

of different
.; N

=¥ El 3 Fues dee
S TEMTYIO MU



TABLE I. THERMODYNAMIC REACTION PARAMETZRS

Al AsSe,

Alkylating Agent - Other Reactant Calories Cal/degree
Propiolactone Alanine - 36,300 64

" 213, 000 =20

" znﬁmnza A %’irus (pB 6.6) 11,0008/ 13_/

" WEE Virus (pH 6.6) 17,000

" “« w ( 9.6) 16,065 4

" B subtilisS/ spores (pB 4.6) 18,000 13

" I n (pH 6,6) 24,000 20

y " m (pd 9.6) 20,000 17
Bthylene oxide ‘Fufluenza A Virus (pH 5,.6) 15,000 -9

" n n v (pH 9,6) 14,000 -10

" WEE Virus (pH 6.6) 16,000 -4

" " » (pH 9,6) 16,000 -3
Bthylenimine Influenza A Virus (pH 5.,6) -~-18,000 4 9

" " » n (pH 9.8) -1-16,000 -1

" WEE Virus (pH 6.” arz 9,6) -2 20,00 4 10
Pini trofiucrobensepse " (pH 6,5) ~1- 21,000 -1~ 30
a, Staadard Irror = 109, b, Standard Error = 4, Ce V.ro niger.

propriolactons and alanine is greatly dependent on pH. But, as I will discuss
in a short time, we can separate iwo effects to explrin the higher pH varia-
tion in the following termss; that the réactions between propriolactone and an
ionised or un-iocnized carboxyl group is very slow compared to the other reac-
tion; that the reaction with MHa is rather fast; and that the reaction with
Ni3* is faster than the carboxyl reaction but considerably slower than (maybe
one percent of) the reaction with NHy. We can expluin the pH variation on
that basis. The question naturally comes to mind whether the thermodynamic
paramseters of the inactivating reactions of the biological materials are com-
patihle with a sechanisz in which amino groups are hit, After studying these
data very carefully, I come to the conclusion that the two things are campat-
ible, that at any of the pﬂ‘s at which we studied these biological reactions,
the predominating form is MH3*., You will see that I have tatulated biological
inactivating reactilona at pH's fram 4,6 to 9,6, The values for AHe and ASs
for the inactivetion reactions fall within the range that might be expected if
aminn groups are attacksd, That, of course, is not proof that amino groups
are sitackhsd, but merely shows that the kinetic data are not inconsistent with
those meo¥.41<%ba

s owalyes obteined for other nrotein denaturations that have been deter-

!oax x:mvtally range fro. 10,000 to 140,000, well above the range sbzer-

cow, oand the &8s values range fros A0 40 300. Wicher than any of the Ti-
ool R e T i o wninn gy

Best Available Cop;,
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KAYE: 1Is that thermal denaturation of protein?

DEUTSCH: Thermal denaturation is causing it. However, it has been shown
that thermal denaturation, and acid or alkaline denaturation are just
different ways of saying the same thing. What it means is that thermal
denaturation is much accelerated by a high concentration of hydrogea ions
or hydroxyl ions. .The processes seem to be essentially the same.

HALVORSON (I11.): Those are AH's on soluble protein, is that correct?

DEUTSCil: The values that I quoted - 40,000 to 140,000? Yes, they are.

HALVORSON (I11.): I wonder if it would be valid to compaie that to either

your spore or your virus system, where your primary effect might presumably
be a surface one? Like on receptor sites, or in your virus, some surface

protein. Would you expect that to differ very much? Is there any litera-

ture on denaturation of structural protein?

DEUTSCH: There couldn't be any literature on the denaturation of insoluble
proteins, because denaturation is usually defined as a failure to be soluble
<t a p and concentration at which solubility uzwally accurs.

HALVORSON (Mich.): I realize that, yes, but hasn't it also been used
excessively to measure sulfhydryl appesrance and disappearance paralleling
denaturation? There is a fairly close correlation, I believe, and we wondex
if one couldn't do this with a structural protein,

DEUISCH: T doa't know.

KAYE: There is another thought that occurred to me: the protein denatur-
ations for which thermodynamic parameters have been obtained are all reveis-
ible in nature, How does this compare with inactivatior of organisms?

DEUTSCH: Well, some people say that denaturation is a reve.sible step
followed Ly an irreversible step. There is no unanimitr in the defini-

tion of denaturation.

HEINE: How did you measure the rate of reaction of propiolactone and alanine
to ouvtain these heats and entropies of activation?

DEUTSCH: I didn't want to go too much into the technical details, but for
measuring the rate of reaction betwzen propiolactone and alanine, we made

2 solution of alanine at a high encugh concentration s¢ that even when all
the nropiclactone was gons, the concentration of alanine had practically re-
rmeined unchanged., We added propisilactone to this at a constant known pH

and constant temperature and intermitiently determined propiolactone concen-
tration by using hy iroxylamine and ferric chloride to test for propiolactoene.




HEINE: I wonder if you would get your heat of activation cf propiolactone
and alanine more in line with your viruses and spores here if you had used
some dipeptides and tripeptides; rather than the amino acid., You see, yon
had 36,000 calories involved there to 11,000 to 17,000 calories for the
virus, In amino acids, you have a highly polar group, You cut down that
figure when you get into the dipeptide and tripeptide and & tetrapeptide, and
I think the entropies and heats of activation would be more in line with your
spores and virases, After all, you are dealing with a polypeptide there in

viruses and spores,

DEUTSCH: Those studies certainly are indicated and are plenned, Please
ramgnEZr that the NHp group reaction is not the predominating one, but the

NE;" group reaction predominates at the pH's we siudied, which incidentally
are the only practical pH's, since we get into technical difficulty above or
below the pA‘s used. Your suggestion is a very good one, and this is just

the first step in our study of chemicals to compare with the =2ctual biological
system,

SHAVER: Do you think if you used mercapto acetic £-°-' instead of alanine,
1t would make much difference in your energy? The mericptones are rather
inactive toward the lactone until it is at a high gH and then it is very
rapid,

DEUTSCH: We have experience with glutathione, and this gets too fast to
measure, W2 couldn®t study it that way because the mercapto acetic would inter-
fere with the hydroxylamine reaction because of a complex with the ferric ionm,

In previous studies that we reported st other meetings with Western equine
encephalomyelitis virus, the virus was assayed in every case by using mice to -
determine the lethal dose, We thought it would be good to see if our results
were more gemeral than that; that is, whether or not we were studying loss of
virus activity or whether we are just studying loss of virulence to mice, So
we have comparcd on the next grapn {(Figure 2) the ioss of virus titer as
measured by fibroblast and the loss of virus titer as measured by mouse 255ay.
Tne two follow one another very closely,

STIM: What type of tissue culture assay was that?
SRUTSCH: Essentially the Dulbecco techmiques

STIM: I recall at the last meeting, Dr. Schwartz had quite a bit of &iffi.
culty in getting successful results wiili this methodsa I am quite surprized
that you have accomplished it at this time.

BEUTECH: It iz difficult to get it started, but once you do, yos san get
Food
good re

ood results,

&
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Figure 2. Inactivation of WEE Virus by Beta-propiolactone in pH 6.60
Phosphate Buffer.




MANGUN: I might add that we have done a similar experiment in years past
with sulfur and nitrogen mustards, and the slopes of the iraciivation curves
have been the same irrespective of the test system that we used. Wherc we
could use the virus in the egg embryo and the same virus intercerebially,

and perhaps by injection into the paw, the slope of the inactivation curve
was the same, The absolute points, of course, changed due to the infectivity
of the hoste I have taken both these data and Dr. Deutsch’s data recorded
here to indicate that whatever we are doing to the virus has to do with scme-
thing at the cellular level. There seems to me to be no doubt but what these
alkylating agents are affecting the virus so that it behaves differently at
the cellular level, either ir the adsorption, or at some subsequent point in
the reaction, and not prior to that,

REDDISH: Is it possible to determine the numbers more accurately by in viire
tests (that is, on the plates) than by in vivo tests?

DEUTSCH: It seems to take more virus particles to make one plaque that way on
a plate than to infect the animal, This strain of virus has been used for a
long time on mice, and then we started to measure it by chick fibroblast tissue
culture, It took more virus particles to get a plaque than to kill a mousc,

BEDDISH: It would depend upon which virus you used toc, wouldn't it?

MANGUN: When you prepare a mass of cells, you undoubtedly get growth of only
a saall percentage of those cells, whereas the virus is probably absorbed ou
cells irrespective of whether they are living or dead. In your host system,
a higher percentage of cells are viable, and this may be a key factor in the
sensitivity or the tiier differences,

DEUTSCH: We don't know exactly, but I know this, that comparing the two
resuits, either it takes a mumber of particles to make a plaque, or it takes
a fraction of a virus particle to infect a mouse,

DUBNICK: In other words, the term "“viable" means several things?

SCHEARTZ: No, in this case viability means the ability to attach, enter,

and reproduce. If any one of these stages fails to cccur, you may not have a
viable virus. If it doesn't attach, then, of course, it isn't a viable virus,

if it doesn't reproduce in the cell, it can't be called a viable virus, And
if it isn't released, you won't know whether it is a viable virus, So all
hose things have tc take place before our criterion of viable virus ic met.

ENGLEY: You have to be careful of the term sensitivity as opposed to accuracy.

He ran into something analogous to this in working with Pasteursila %aﬁargma%,

¥hile trying to P(Jpaiﬂ plate counts with infectivity. He found, in one par-
Lk )7Wtduﬁb al w2 were geiting an Lbgg of one-third of an organism

to nlatﬂ counts, because the plate count was not as sensitive zs the
y Lo {be animal, I thjnk the imporiant thing is to determine the

vy of the particuiar technigue.




DEBUTSCH: That is an experience comparable to ours.

HALVORSON (I11.): But still you say it takes so many to produce a plaguce
I do not think that is true.

DEUTSCH: I don't mean that they will cooperate in producing the plaque; I
mean in order to form a plaque, you must have that number present., Then it
is probable that one of them is going to give us a plaque. I don't mean
that they all stick together to make a plaque,

MANGUN: As I mentioned before, the obvious interpretation here bas to be

that the number required iz very high, because we are quite certain that in
our test systems in the animals the mmmber of particles required is very bhigh.
¥We have all these dynamic operations that are going on to neutralize a large
perceni of the virus so that we are actually not counting particles as stated,
but are counting proportionality, and that is about as far as we could go., ¥We
would hope that eventually we would get such fine tissue cells that even a
single virus would be capable of reproducing, and thus that each virus par-
ticle was capable of infecting, In that case, we would get a one-to-one
ratio, but I don't think anyone has approached that in in 2 viral system.

HALVORSON (Mich.): Do you have any 1nformation on the direct count of particles
by electron mtcroscopyr

HANGUN: No, we do not, But even then the electromicrograph would »-* show
whether the particles were viable,

PALVORSON (Mich.): No, that's true, but it might give you a little closer
base line for comparison, I think it has been done with Influenza A, I

think it would be important to have as many observations of this multiplic.ty
effect where you can get cooperative effects, If you are going to be dealing
vith a very large multiplicity effect per cell, then this may influence your
kinetic interpretation,

DEUTSCH: Of course, the multiplicity effect applies only to an animal like
a mouse, Jou can't get them with a plate,

HALVORSON (Mich,): Well, you can get this effect with bacteriophage. I
don't know whether it has been done with the influenza,

DEUTSCH: ¥e diluted ~ut the virus to the extent where we feel certain that
the influence of individual virus particles did not overlap,

FELYORION (Mich,): If you do not know the number of particles that you are
Lin §,th, how do vou know how much to dilute? The multiplicity effects
ara pepcrilly around 8, 10, and 15, If you don't know the number of total
pariicion you hav ﬂ, then vou dea't know exactiy what it mears urnlecss you know

: 11 cauze iafeoclion in the mouse, which is an assumption,

ey b ¥ 4 =
T (R AR SR B AR I A
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HANGUN: Well, the multiplicity ffect actually has to arise in a single cell.
The genetic v1ra1 units, in the phage work at least, have to be placed in a
single host cell in order to effectively put toge;ner all the necessary ele-
ments for reproduction, and this has to be at the unicellular level.

DEUTSCH: It is very unlikely that this is going o happen because there are
thousands of cells on a plate, and to show multlpllclty on a plate, you have
to have the remarkable coincidence of two virus particles hitting the same

cell,

Now, I would like to discuss our studies with alanine. The points on
Figure 3 were obtained experlmentally. The curve that is drawn there is a
theoretical curve worked out from the expesimental data. You will notice
that under these c1rcum>tances the reaction is fairly constant and very slow
up to about. pH 7, and then starts rising, not in a straight line, but in what
looks very much 11ke a titration curve, I would like to tell you how we cal-
culated the ve10c1ty of reaction of the amino, and ammonia groups from these
data., First, at the very low pH's, the concentratxon of NB3 is far greater
than the concentratlon of Nﬂg, so we can assume as a first appr oximaiion that
the reaction at very low pH's is due solely to the reaction with NHz . Taking
that as the first assumptlon, we would then assume that, at any other pH, the
mgasured velecity is merely the sum'of two things: the ve1001tv constent due
to NH3* times the concentration of NH,* and the velocity constant due to NHo
timeas the conceniration of Niy.. . So we can take every. measured data and detach
from it how much of it is due to NH , because we look it up to get a series
of values for K. The same procedure was used successfully at 25°C, as shown

in Figure 4.

However, when we studled the velocity of the reactlon between alanine and
proplolactone at 37°C (Figure 5), we weren't able to fit a curve to the data =
well using the pK in the literature. The’ solld line is the curve obtained by
using pK in the 11terature, pK 10.45. We got a much better fit if we repeated
the calculations using a pK at 10.00. There is one point I would 11ke to mke
very cl-ar. At the lower pH's, K- NH;* predominates. At higher pH's there .
is more NHp present and the reaction with NH, predomlnaxes. Where K- NHq*
predominates, the reaction is very slow and as a matter of fact, the points
on this curve are the differences hetween two small numbers because we, of
course, correct our data for the reaction of propiolactone with water and
hydroxyl ion. That correction is of the same order of magnitude as the
measured velocity at the 1ower pH'v, Therefore, due to the nature of this
matter, we cannot obtain K NHg* w. . any degree of accuracy. But we car get
¥l NHo very accurateiy because, u nder conditions where it predominates, the
correction is a wmall fraction of the observed ve1001ty. The next curve
(wavr» 5} is for phenylalanine and propiclactcne., It is similar to the others.
1 hav q1v&w only ene curve for phenylalanine and propiolactone because I
qanf} net find p¥ values for phenylalanine at temperatures other than 250C in
1 literature. Apparently no one has bothered to find the pX of phenyl-
ey w at any other temperature so. although we have kenetic data, we can't
oo truct curveas Lo £it them except by guessing the pK.
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HEINE: These are pseudo first-order constants, aren’t they, because you
are holding one reagent in great excess?

DEUTSCH: Yes, there is a constant alanine concentration, so that is why
it 1s Ko

HEINE: Couldn't you get the second order constant by dividing by the con-
centraticn of the one in excess? After all, you have 2 reaction going on
batween the alanine and the lactone, Couldn't you get a second order c¢on-
stant out of that?

DEUTSCH: No, because this K is equal to the sum of the concentration of
NHq* times the velocity constant, and the Kl is equal to the sum Jf the
concentration of NHge There are two things here, and you can't separate
them.

HEINE: I wonder how these K's for the NH2 compare with Bartlett's work
with propiolactone and amines, RNHp, where we have the NH, group alone
without having the acid group, Are they comparable?

DEUTSCH: I don't remember the value for the amino group, I'm familiar with
Bartlett's studies,

FTaBr Yoo w0 sty wnat che NH3+ reaction is very much slower than the

Nt > reactions From the AH and AS*'s here the free energy of the two reac-
tions are almost the same (different by one kilo calorie) 80 you wouldn't
expect much difference in the reactivity, In the MH,, the entropy is help-
ing the reaction go much faster, This is positive GZ units, while in the
NH3‘ the entropy is hindering the reaction even thougk you have a lower
energy of activation (13,000 calories), but A S comes out 19 for the first
one and 20 for the second, approximately. You would think, according to the
data that you have in the first table, that these two reactions would be
going at a comparable speed,

DEUTSCH: All it tells us is that they have the same temperature coefficient,

BEINE: The free energy of activation determines the rate of reaction and
that is made up for your two constants,

DEUTSCH: That is at a constant temperature,

HEINE: Over a 10°-, 15°- or 20%-ramgc, there is not going to be much dif-

ference. That is not going to affect your N H's,

. Cil; Let us go on to Table IX, I told you that we determined these
zlues using statistical techniques, and that cnabled us to get the standard
deviation of the value. In this table; you will see that we know K1 NHz*
wvith a very low order of accuracy, and that, so far as we can tell from our
fifer the velues for the two different kinds of amino groups, charged and un-
1, are ast aliected by the presence of phenyl groups at the end of the
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TABLE II. VELOCITY CONSTANTS FOR REACTION OF PROPIOLACTONE WITH
CHARGED AMND UNCHARGED AMINO GROUPS AT 25°C

Molecule Bearing the Group klNHg* + Std. Deviation klth + Std. Deviatior

0.004
0.001

Alanine 0.0039 + 0.0038 1,166
Phenylalanine 0.0100 + 0.0036 J.hid

I+ 1+

I would like next to introduce a concept¢ relating the various rate con-

stants to the practical effectiveness of sucn compounds as beta-propiolactone.

G. H. Mangun has shown that the effectiveness of a virucide éﬂ{c dt) is
proportional to (C, - C)/kq, where C, and C are its initial and final concen-
trations and ky is the specific reaction rate of its disappearance from
solution,

let us consider a virucide reacting until its concentration reaches some
arbitrary fraction, L/n of C,1 Then

fc at = (810G | (1)
nkd
Suppose we have a virus suspension with an initial Mg, of T,. The in-
stantaneous virus titer at any time, t, can be calculated ?rom the expression

antilog T = (antilog T,)e - kitfq c dt, {2)

where T is the instantaneous titer and k; is the velocity constant for virus
inactivation.

Substituting (1) in (2), we arrive at
ki (n-1)C,

antilog T = (antilog T )e - ;3 e (3)

from which it is apparent that the total effectiveness of. 'a“virucideé is pro-
portional to k. /k y if the measure of its total effectiveness is the drop in
titer produced wh'n virus is exposed to ar initial concentration of virucide,

Co, and ia left in contact with the virucide to drop tc an arbitrary and pre-
suweably ineffective level, Co/n
lei us adont as a measurce of total effectiveness T.E, = k. /k ¥hen
dble rate,

sponanvous (thermal) inactivation of virus occurs at an apprer
- i1 have to be corrected for 1t.
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For convenience, let us consider one liter of solution. The argument,
however, will apply to any volume,

The velécity constant of virucide disappearance (a pseudo first-
order reaction) is (per liter):

moles virucide reacting withsolution constituents (4)
- virucide concentration x minutes

The velocity constant of virus inactivation (a second-order
reaction) is:

K virus particles reacting with virucide . (5)
i ™ virus particles per liter x virucide concentration x minutes

If one molecule of virucide inactivates a virus particle (which
we have always found to be true), the number of virus particles reacting
with virucide equals the number of virucide molecules inactivating virus.
Let us call this quantity.V;.

The number of virucide molecules reacting with solution constituents
1s N (Avogadro's number) times the number of moles of virucide so reacting.
Let us call this product V,. Then from (4),

Ny = _Va : (8)
virucide concentration x‘minutes

Now, we defined T.E. as kj/k3. From (5) and (6),

T.E. = M « Y« N ; (7)
ki V4 number of virus particles per liter

T.E. can thus easily be converted to the ratio of amount of viru-
cide inactivating virus to the amount of virucide being decomposed by other
solution constants. To become this ratio, it muat be divided by N and
multiplied by the number of virus particles per liter., If onme virus pariigle
constitutes an infectious unit, this latter figure is 0.693 antilog IDgy. At
any rate, for a given set of starting conditions, T.E. is proportional fo the
effectiveness ratio d4scribed above. Table III contains total effectiveness
data for bata-propiolactone for both the influenza gnd WEE viruses.

You will notice that somotimes we get two figures for the sawme thing,
and that is because we mcasured it twice and didn't gei the same answer both
times. The first place this occurs is for influenza A reactirg at pH 6.60
in phosphate buffer at 15'C, The figures were obtained with iwo different
pools of influenza virus, so I don't think the agreement is too bad. The
second time this occurs is with hestern equine encephalomyelitis), which I
am sure all of you realize is abbreviated WEE. There are two figures for

1

the rate of recaction of propiolactone with solution constituents (Kd),
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TABLE III. TOTAL EFFECTIVENESS DATA FOR PROPIOIACTONE

Virus pH Buffer Temp. k- kg T, E,
Influenza A 5.64 acetate 15¢C 22.6 0. 000575 39,300
6.60 phosphate 15° 26.7 0.001689 15,800

27.7 16,400

250 38.9 0.00637 6,110

370 116.1 0.01983 5,860

7.54 159 29.4 0.00479 6,140

WEE 6.60 15° 11.9 0.00228 5,220
30° 54.2 0.0125 4,340

7.54 150 13.0 0.0030S 4,200

0.00404 3,220

22,5° 25.9 1.6GI710 3,640

30° 49.0 0.0153 3,200

8.55 borate 15° 12.8 0.00144 9,000

30° 46.7 0.0n847 5,520

9.60 150 15,8 0 50427 3,720

0.v0330 4,820

300 68.5 0.0176 3,890

which might iadicate that we have two figures for a pure chemical reaction,
but it is not a pure chemical reaction. The solution constituents include
pieces of -mousebrain homogenate and the variability due to the different
reactions of mousebrain homogemate. I believe that there is some evidence
that mousebrain homogenate catalizes the disappearance of propiolactone; so

we have two figures, and the total effectiveness is calculated from both. You
can cox to two or three conclusions from this table: 1low pH favors greater
total effectiveness, low temperature favors greater total effectiveness and
the vuffer has an effect, For a given buffer, low pH and lovw temperatures are
desirable to increase total effectiveness. However, it is nice to use a buffer
such as borate, which doesn't react with your alkylating agent, rather than
one like phosphate, that do=s.

REDDISH: This is on virus of influenza A; a lot of work has been done with
the Melbourne strain. I wondered whether you have made any comparative tests
with the Molbourne strain?

DEUTSCH: No, these are #ll PR8 strains. There is another bit of infermaticn
that I would like to add now, We did one experiment to test the total effec-
tivenuns theory. FWe actually determined total effectiveness by using low
concentrations of virucide. Within a reasomable time the virucide was all
sone, and we determined its total effectiveness. There was quite z bif of
113ty in the experiments, but the results were consistent with this

o

Vel i)

<y v correct hynpethesis.
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MANGUN: This particular work was done for two reasons. First of all, it is
Important to any application of this particular agent to know how much it
takes to do a certain job. This is important in any possible future uses
that the Detrick group might want. Another reason why I w : ‘ntensely inter-
ested in it was a discussion I got into with some very comp..2:nt virologists
about whether to use a low pH or high pH, and high temperature or low temp-
erature. In general, the virologists who were doing the work were very much
impressed by the velocity of the reaction and relatively unimpressed by the
end results, particularly because the most valid test system they had best
measures the short term high velecity reaction. In applying this to human
plasma in the inactivation of niomologous serum hepatitis, no one vould adhere
to my idea to kzep the pH and the temperature low, and yet I was sure I was
right, from fairly authoritative experiments. The present experiments are
sufficiently accurate to prove the point, and there is no douht adout it any-
more. It was very difficult to convince anyone, however, until these data
were really tied down. As a result, some of the work of others on human in-
fections with homologous serum hepatitis were carried out under the least
favorable conditicns for getting inactivation of the virus. Those that I
personally carried out, in which I stuck to the thesis of low pH and low
tomperature, all worked fine, and the subsequent work may or may not have
been seriously different from what would have been obtained if it had been
repeated in the original fashion.

ZDDISH: The same is true of chlorine compounds, In the alkaline range, they
don't work well until we get down to pH 7, and then they begin to be much more
active,

MANGUN: Yes, it certainly is pH dependent, as are so many *other inhibitors.

DUBNICK: I would like to mention the importance of the rate of disappearance
of the virucide as poimied out Wy experiments with ethylenimine. The rate of
inactivation of the virus is very much slower with ethylenimine than it is
with propiolactone. However, the total effectiveness of ethylenimince is per-
haps twice as great as the total effectiveness of the lactone.

EEEgéRDS: There is .one point I keep insisting on getting on the record every
year; this is the third conference, and it is the third time I have made this
point. I am sure the question arises in many minds as well as in mine, I
think the data you have obtained here are really good, and that it is really
importart to know exactly how fast and how effective the virucidé is under
various conditions of pH, temperatures, time, concentration, etc. I still
fail to see how the kinetics of the reaction calculated in any manner whatso-
ever leads you to any understanding of the mechanism by which thut inactivation
has *mken plzce, especially as a result of all the variables in force., I want
to point out again, just for the record, that in the past, any efforts that
have been made to get at the mechanism of a biological reaction by kinetic
data has led to almost complete disaster in most cases. Now, I know the
question i3 in many people's minds at this time., I fail to see what we have
sniaed by these kinetics, other than the useful data which you can use for
nroetscal purposes,
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DEUTSCH: We can <liminate certain mechanisms Ly kinctics, Certain mechanisms
are incompatible with the kinetically derived data.

LEONARDS: Well, I will go along with that.

DEUTSCH: Sometimes you have to supply yourself with indircct evidence for
seeing whether mechanisms would seem reasonabhle. I admit that you can't say
that because of the kimetics, the mechanism is so-and-so. You can say that
because of the kinetics, the mechanism cannot be so-and-sc.

SKIPPER: Why did you pick on alanine?

MANGUN: This was set up as the first of a series of similar studies on

other reactive groups. It was 2 matter of getting at one of the most fre-
quently recurring groups on the surface of proteins, to gain some understand-
ing of the facts.

SKIPPER: The only point I would make is that in the work with mustard, which
may or may not be appropriate tc this discussion, i* takes so much mustard to
inactivate an énzyme system in vitro, that it almost rules out this type of

‘reaction with proteins. I mean the fact that it takes something in the order

of about a 1/10 molar solution of mustard to inactivate most enryme systems
that have been studied, whereas the concentrations that have caused profound
effects on cell division and even death in aniwmals, are a thousandfold less

thaa that,

DEUTSCH: We are interested in microorganisms.

SKIFPER: Oh yes, I am fully aware of that, but I assume there are no clini-
cians among us, and I assume the group feels that one biological system isn't
too much different from others.

DEUTSCH: Well, you can't say in our set of rircumsiances trat one concentra-
tion is effective and another isn't. It is just that one concentration takes
a certain time, and another takes a longer time,.

SKIPPER: I agree. However, some of the activity of compounds like the mus-
tards would suggest to me that we aren't dealing with reaction of an alky-~
lating agent on amino groups, '

MANGUN: I, myself, am « vinced that beta-propiolactone is acting in a manner
analogous (o that of the mustards. Dr. Deutsch and I have discussed this in
the pa.t, ard I only agreed to it after the argument that *hiz was a study of

aminr groups.  This could be a study of an aminu group substituted on ary cone
of 2 nundred differen! systems, including the purines, pyrimidines, and other
motated 2 oo =45, 1 think that reflects our own feelings on it., I feel, as
onoie, tha Tee s overy 1i¢tle doubt that these alkylating agents are get-

ipe inen 4 aucieic acid avatem, as sowe of your work has shown.,
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SKIPPER: Well, another ithing that has convinced me is the fact that such
exiremely smail amounts of alkylating agents like triethylene melamine, and
nitrogen mustards, will inactivate a biological system of the transforming
principle type at about 10~% molar in five minutes. No other type of agen:
or antimetabolites wiil do this at all, and here wou have anoiber active
biological material which gives a compatible observation at low concen-

tration.

DEUTSCH: The reason we started with zlanine was that it is the easiest one

to study. It is soluble and easy to get in high concentration. By no means
do we intend tostop here, and by no means would we draw conclusions frem this
very limited study, but we feel that a study of the amino acid is necessary in
addition to the studies of the purines and pyrimidines.

SKIPPER: Oh yes, I certainly agree with that. I think your studies on the
amino group compared to the ammonia type ar- very, very interesting. 1 just
wondered and want to get cleared up in my mind your feeling about the primary
biological site.

DEUTSCH: We don't know.

BALVORSON (Mich.): If I might put in a point here, I agree with Skipper on
the importance of the nucleic acid. We have been following that for scome
time, too. But I would like to point out, first, that you are dealing with a
system that has to germinate, which requires something special that is nc® o
involved in the nucleic acid metabolism as near as is known from the work of
Fitzjames and others. Second, you are involved with a system which must pri-
marily he absorbed on a receptor cell, and you know that the ghost cells can
absorb even without nucleic acid. So you have here the possibility, in both
of these test systems you are using, of key funjamental primary steps wnich
appear not to involve nucleic acid. I think that one should not be over-
whelmed then by the nucleic acid @ata in dividing biological cells. There

is quite a difference, first, between the growth of E coli and the germination
of the spore and, second, in the absorption of virus, Biologically, they are
fundamentally different. You have the possibility of some othrer receptive
center which is specific, maybe sensitive as certain apecific enzymes are, to
particularly low concentrations of inhibitors, and I think one should have a
pretty broad viewpoint at this time.

SKIPPER: I think anyone should have a broad viewpoint, but you are going
into matters here of about five years and about $10,000,000 worth of research
on the nitrog:n mustards when you make a statement 1ike that.

HALVORSON . (Mich): That may be very irue, but there is enough evidence here
that nucleic acids are pot involved in the eariy steps which may be scnsitive
here, peints which may be checked without $5,000,000 worth of research.
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DUBNICK: At zhe last meeting, and again itoday, we emphasi.ed the importance

of analyziang our data statistically. At the last seeting, I was of the opinicn
that our kinetic results on the inactivation of WEE virus with ethylene oxide
inlicated no effect cf pH; however, in Figure 7, it is apparent that there is

s ~:gnificant difference in the reaction rate between the reaction carried out
at pH 6.6 and that carried out at pH 9.6. Again in Figure §, showing inecti-
vation of WEE virus by ethylene oxide at 309C, there is a statistical signifi-
cance in the difference between the reaction at ph 6.6 and at pH 8.6, The

ra.v of this reaction increases with increase in pH. Also the reaction 1is, as
in the case of beta-propiclactone, second order; that is, first order with
respect to virucide and first order with respect to virus. Several months

ago we studied the inactivation of WEE virus with ethylenimine . and we de-
tected a great deal of variability within the ethylenimine, depending on the
source of the virucide and on the pcool of virus which were used. In Figure 9,
it is apparent that ethylenimine obtained from the various sources and
ethylenimine used on different pools of virus gave divergent results. However,
with one source of ethylenimine and one source of the virus, we got the kinetic
results in Figures 10 and 11, Here the ethylenimine (Chemirad) was used as it
came from the bottle, and we used one particular pool of WEE virus. Again,

the reaction is second order as evidenced by the fact that different concen-
trations of virucide multiplied by time all fall on the same curve. In the
absence of any statistical analysis on these data, I mke no claim whether
reaction rate is affected by pH, It will take many more points oecause the
results are not in a close ugreemant as the results were with beta-propiolactone
and ethylene oxide. To gei{ o~ significant statistical result you need many more
points, The revaction is about 1/10 or 1/12 as fast with ethylenimine as with
beta-propiolactone. However, the total effectiveness which we talked about
before is greater with ethylenimine than it 1s with beta-propiol:. tone. In

a recent experiment where we used 100 xilligrams per liter of betu-propior
lactone at pH 6.6 and 159C, the beta-propiolactone dropped the titer oi WER
virus about twice as much as ethylenimine at the end of 24 Lours. At the end
of 48 hours, the ethylenimine was beginning to catch up, and at the end of
about 70 hours, they were about equal, and there was still plenty of ethyl-
enimine left, Now, I den't say an equimolar quantity of ethylenimine compared
with the amount of propiolactone.

We also ccllected some data on inactivation of WEE virus by ethanol.
Figure 12 shows the results of some of these experiments. It seems that we
get at least two different rates of imactivation. In the beginning, the
rate of inactivaticu is much more rapid than it is later un. One possible
reason for a decrease in the rate of reaction is that there is a non-vniformity
in the virus pool, There is a large percentage of virus susceptible to de-
naturatinon and a small percentage of virus less susceptible to denaturation.
The thermodynamic characteristics of this reaction were what one would expect
of - Jepaturation reaction. The AR® for this reaction is around 40,000
caiories, and the 88¥ of activatinn is about 200 calories. %e continued ocur
research by investigating certain group specilic reagents,
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Lo 7. dnmotivation of WEE Virus by Ethylene Oxide at 15CC,
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250,600 500,000 750,000 1,000,000 1,250,000
CONCENTRATION x TiME, mg/L x min.
v Corrected Second-order
Concentration, Buffer, Velocity Constants,
KEY ng/liter pH 0.15 M liter /nole-minute
o 15,000 6.60 Phosphate -0.339 + 0.021
0 30,000 6.60 Prosphate
i 30,000 7.54 Phosphate === 0~ - - - -
i 30,000 9.60  Borate -0.415 + 0.G05
2 45,000 6.60  Phosphate
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Corrected Second-order

Concentration, Buffer, Velocity Constants, AH®, aS¥
KEY mg/liter pH  0.15 M liters/mole-minute cal cal/°
& 7,500 3.60 Borate -1.82 + 0.08 16,500 -3.0
0 13,000 6.60 Phosphate  -1.46 % 0.C8 16,300 ~4.2
& 15,000 9.60 Borate
A 30,000 6.60 Phosphate
£ 30,000 5.60 Borate

Figure 8. Inactivation of WEE Virus by Ethylene Oxide at 30°cC.
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2.0 ~ 550560 200.000 300060

CONCENTRATION x TIME, mg/L x min.

Concentration, Buffer,
KEY mg/liter pR 0.15 H
(o) 6,000 6.60 Phosphate
® 6,000 9.6C Borate
O 12,000 6.60 Phosphate
A 12,000 9.60 Borate
Figure 10, Inactivation of WEE Virus by Unredistilled Ethylenimine

(Chemirad) at 15°C. The average titer befors treatment
vas 7.4, and the approximate Koo was 0.7 liters per
mole-—minnt |
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Acetic anhydride is known to react with amino groups. ¥e found that
acetic mnhydride will give inactivation of WEE virus, but it is much too
rapid to measure, even at zerc degrees. Dirnitrofiuorobenzene is not quite
as specific as acetic anhydridide, but it inactivates WEE virus at & rate
which we were able to measure and for which we were able to obtain the data
in Figure 13, The reaction is second order as evidenced by the fact that
both saturated and half-saturated dinitrofluorobenzene at any temperature
fall on the same line. The thermodynamic characteristics of the reaction
between WEE virus 2 1d dinitrofluorobenzene are, I think, similar tu tacse
obtained with other virucides, In general, I think it is fair to say that
we cannot exclude reactionewith amino groups. They possibly are responsible
for the thermodynamic characteristics which we observed.

HALVORSON (Mich.): When testing a very short time interval, do you romove
your material by dilution, or how do you recover your virus or your spore
free of the chemical?

DUBNICK: The material is removed by dilution. The concentration of viru-
fodahae bl LA
cide is fairly low.

HEINE: Is it at all worthwhile, af'ter you have the reaction take place
with dinitrofluorobenzene, to hydrolyze the reaction mixture and use paper
chromatography to find out what amino acids were affected by this dinitrc-
fluorobenzene?

DUBNICK: You have to make sure of the amino acid content of the virus,
and you would have to use a lot of virus.

SCHWARTZ: Such work can very well be done with the tobacco mosaic virus,
where we know fairly well the amino acid contents, and we can produce as
large an amount of viruses as you want. ¥a could véry well use a system
of that nature. You can get a relatively pure tobacco mosaic virus, where-
as in these systems we have much proteinaceous material.

SKIPPER: I think that those would be very interesting studies and seem to
provide a very direct means for examining the problem.

HALVORSON (Mich.): Wouldn't it be better to go io the phage systems where
you can.get large quantities that you can purify and obtsin the internal
components free from the cell walls with a relatively simple technique?
True, it wouldn't tell you about the animal phages, but you could get clues
which you could follow from that more readily.

DUBNICK: ¥e tried the effect of a specific reactant for sulfhydryl groups.

However, when iodine is used in the presence of large amounts of potassium

iodide, the agent which is supposed to be specific for sulfhydryl groups,

there is 1nact1va ion, dependlnh upon how much iodine was used and upon the

Lo Put oenly Lo o point, . © *there is no longer any in-
: ‘n Figare 14, there o: ... te.o.e. short curves showing the
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0 7000 7000 3000
CONCENTRATION x TIME, mg/L x hr.

Temp. , Concentration, Al As®
KEY oc mg/liter Ka- calories cal/degree
Fo 15 550 (satd.) 2.7 21,000 33.5
¥ 30 1120 {satd.) 15.8
o 30 % satd.

Fioure 13, Tnactivation of WEE Virus by Dinitrofluorobenzene
in 0.15 M Phosphate Buffer, pH 6.60.
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reaction between WEE virus and iodine, and illustrafing the fact that there is
an immediate, quite rapid decrease in titer after which there is no longer any
decrease in titer, Figure 15 shows more accurate curves obtained for iaacti-
vation of B subtilis var, niger spores with iodine under sulfhydryl-izactiva-
ting condifions., 1¢ can be shown that these datz can be treated as indicating
an ordinary chemical equilibrium, The equilibrium constant can be calculated '
for the reaction, and it can be shown that the forward reaction is about 10,000
tizes more rapid than the reverse reaction, But with the virus, with WEE virus
anyhow, it would then be impossible to reverse, It would be impossible even ‘o
attempt to reverse iodine inactivation with thioglycollate; we tried it, and
there is no virus left at the end of the proper length of time, With spores,
now that we have a very clean spore, it may be possible tc do this without giv=-
ing them a chance to germinate, Thus we might let them go for about a month,
then try to reverse with thioglycollate, and see if there is actually sn equi-
librium reaction or if we are actually getting a reaction with the suifhydrl

Erotipe

SKiPFER: I vonld like to introduce two speskers from Southern Resenrch Insti-

tute to continue the discussion of inactivation of viruses,

SCHABEL: As you probably all know, we have a program which is prmarily screen-
ing Tor activity of compounds against B subtilis var. ggx_' spores that we get
from Detrick, Micrococcus pyogenes v=r, aureus, and WEE virus. fou probably

have all seen the proceedings and saw the techniques that we used, and they prob-
ably do not need any review. The three sheets cof Tabtle IV 1list the compounds :
that we havs found 4o hawe some zodivity against eithar B omebiilic wer, :ax_x_g_e_g_

-

spores or WEE virus or both. I have not put on any of thé data in regard to
Staphylococcus vegetative cells because the vast majority, if -indeed not all of
se, will have some activity against that organism in vitro, and it is ay
opinion at this time that a good sporicidal agent is probably going to have
activity against most vegetative cells, The numbers listed on the table are
milligrams per liter of the active agent in the. test system. The prefix "neg"
means inactive; for example, under sodium peroxide, we found that it was active
at 10,000 milligrams per liter or one percent, but inactive at 1,000 milligrams
per liter, I there is no negative figure listed, it indicates that we haven't
tested 1t at a concentration lower than that indicated, We have found that many
of the compounds that you are all familiar with are active in vitro agsinst B
subtiiis var. niger spores, and we have also found that many surface aciive
agents have reproducible activity in the. test system that we used against WEE
virus, The material in Table V inciudes data thkt we have collected on combi-
nations of (a) & campound that has activity against.B subtilis var, niger spores
plus (b) a compound that has activity against WEE virus, 1he :'ation%_ﬁere may
not be good, but we thought that we could combine cheamicals which were active on
the one hand against spores and on the other against viruses and get a mixture
which was active against both agents and perhaps increase the activity of the
compound against spores. There is not wary much by way of comment that I can
Aake on thess, Essentially, we have found that none of these combinations have
a striking increased effectiveness, There is cne example that perbaps may be
periinent here, On page 6 of Table V, we have dichloroamine~T plus Triton X-102.
: wu Find that, at a level of 5,000 milligrams per liter, Triton X-102 in
tion with dichlorommii -T is apparently considerably more active against

irain than along.
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TABLE IV.

Oxidizing Agents

Sodium peroxide
Bromine
N-Bromosuccinimide
N-Chlorosuccinimide
N-Bromoacetamide

Iodine monochloride

Dibromatin

N-Jodosuccinimide

Sodium hypochlorite

Todine

Poiassium permanganate

Calcium kypochlorite

Globaline (Tetraglycine
hydrOper1ed1de)

Dichloramine T (N,N-Dichloro-
E—toluenesu;fonamlde)

Aldehydes and Ketones

Bromoacetone
Glyoxal

Bromal

2.Dibromopropional
‘gretonaldehyde
A-Bromopyruvaldehyde
Paraformaldehyde

Acids

Chlorvacetic acid
A~Chloropropionic acid
P -omoacetic acid

ST omo-nebutyric acad
F‘ﬂ?@ﬂﬁ nosphonic acid

Antin ul‘llc acxd

ﬁftani?lg acia
An?*uﬂiuwrpigﬂxv ned

COMPOUNDS ¥ITH ACTIVITY IN VITRO A

GAINST SPORES AND/OR VIRUS

Active Concentr# 325, mg/L

B subtilis var. niscr

10,0003 neg 1,000
10,000; S. 000, 1,000
10,000; 5,000; 1,000
10,000 thru'LVB 25
10,000; 5,000; 1,000

10,000; $,000; 1,000

10,000; 5,000; 1,000
10,000 thru 625
10,000

10,000; neg 1,000
10,000; 1,000
10,000; 1,000

10,000; 5,000;.1,000,

10,000; 5,000; neg 1,000

10,000; 1,000

10,000; 5,000; 2,500;
1,250%act.

10,060

1¢,000; 5,
1,250; 625

000; 2,500%

KEE virus

——————

10,000

10,000

10,000; neg 5,000

10,000; neg 1, 000

l0,000; 5,000;
neg 1,000

10,000; 5,000;
neg 1,000

10,000; neg 5,000

10,000; neg 5,000

10,000; neg 1,000
10,000; S, 00;

neg 1,000
10,000; 5,000;

neg 1,000
10,000; neg 1,000
10,000; neg 1,000
10,000

10,000

10,000

10,000; neg 5,000
10,000; ner 5,000
10,000

10,000

10,000 .

10,000
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Active Concentration, mg/L
Surface Active Agents B subtilis var. niger WEE virus

2-p-tert-butyl phenoxyethyl

ester of scdium sulfosuccinic

acid. (Surface Active Agent

BPE, American Cyanamid) 10,000
Ci3H,- ester of sodium sulfosuccinic

acid {Surface Active Ageat TR,

Amarizan Cyanamid) 10,000
Stearyl Jimethyl benzyl ammonium

chloride (Triton K-60; cationic) 16,000
Alkyl-dimethylbengylammonium 10,000; 5,000

chloride (Roccal) 1,000; neg 500
WESCODYNE (West Disinfecting Co) : 57,500; 28,750

‘ctive ingredients

PYolyethoxy polypropoxy
athanol-iodine
complex - - - - - 7.75%
Nonyl phenyl ether of polyethylene
glycol-iodine cemplex ----3.75%
provides 1.6% available iodine

Octylphenoxy; polyethoxy ethanol -

{(Triton X-102; nonionic) 10,000; neg 1,000
Alkylated aryl polyether sulfate
(Triton W-30, conc; anicnic) 10,006; 1,000;
neg 100

Alkylated aryl polyether sulfate,
sodium salt (Triton 770, conc;

+ anionic) 10,000; 1,C00
Alkyl aryl pcliyester alcohol
(Triton X-138; nonionic) 10,000; neg 1,0Cn

Virac, n-(Caprylcolamino formyl-
methyl)-pyrimidium chloride
(120,000 ppm) plus iodine (30,000

ppm) (Ruson Laboratories) 10,000
Alkylated aryl polyether alcohol

(Triton X-100; nonionic) 10,000
Di-(2-ethylhexyl) ester of sodium .

sulfosuccinic acid (Aerosol O T) 10,000; neg 5,000
Sodium tetradecyl sulfate 10,000; 5,000;

nzg 2,500
Cetyl dimethyl benzyl ammonium
chloride 10,000; neg 1,009
H-cetyl-N-ethyl-morpholinium
cthesulfate (G-263; cationic) 16,000




Phenols

3(0-Nitrobenzylideneamino) phenol

4-Chlororesorcinol
Picric acid

Lysol

Phencl
Hexylresorcinol

2(m-Nitrobenzylideneamino) phenol

p-Chloromercuriphenol

lactones

/ZPropiolactone

Egoxides

1, 2-Bpoxy-3-butoxy propane
Butadiene diepoxide
Epibromohydrin

Heavy Metals

Mercuric chloride
p-Chloromercuriphencl

(also under phenols)
Silver nitrate

Ethylefimines

2, 2.Dimethylethylenimine
N-Exhylethylenimine
Ethylenimine
N-Phenyleothylsnimine

Miscellaneous

2, 4-Dinitrof luorobenzene
U 1083 Opjohn

Active Concentraticn, mg/L

B subtilis var. aiger

10,000 thru 625

10,000; neg 1,000

10,900; neg 1,000

10,000 thru 156.25

10,000 thru 625

10,000
10,000
10,000
10,000

HWEE virus

10,000
10,000
10,000
10,0060; 1,000
10,000
10,000; neg 1.000
10,000

10,000; 5,000;
1,000

10,000
10,000; neg 1,000
10,C00; negx 1,000

10,000

10,000
10,000; neg 5,000




TABLE V. RESULTS OF THE TESTING OF COMBINATIONS OF ACTIVE COMPOUNDS

FOR IN VITRO ACTIVITY AGAINST SPORES AND VIRUS
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Compound

N-Chlorosuccinimide

Roccal
(Alkyl-demethyl benzylammonium chloride)

N-Chlorosuccinimide +
Roccal

Conc.
mg/L_

5000
2500
1250
1000
625
500
312.5
250
'156.25
12¢

2000
1C00
500
250

100

1000
500
500
250
250

N-Chlorsuccinimide

Hexylresoncinol

N-Chlorosuccinimide +
Hexyrescncinol

1000
625
600
312,5
250
156.25
125

5000
2500
1250

1oo§},
5000
“500
2500
250
1250

B subtilis

RSN CYPSTCIP [ YN R

RN wN

P NN

WEE
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P-S
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0

var, niger virus - -




Compoun

N-Chlorosuccinimide

Paraformaldehyde

N-Chlorosuccinimide +
Paraformaldehyde

N-Chlorosuccinimide

Glyoxal

N-Chloresuccinimide +
Glyoxal

Conc. B subtilis
mg/L Uar:“géggg
1000 6
625 7
500 2
312.5 7
250 2
156.25 5
125 -
10,000 7
5000 7
2500 2
1250 1
100
10,003} 7

50C 1
5000

250 1
2500

312.5 7
1280

312.

625 S
312.

312.5 4
625

szé} 7
625 . 7
312.5

155.2?} 3
312.5
1000 6
500 2
250 2
5000 -
2500 -
1250 -
100?} 4
50001

500 3
2500

250 1

1250

WEE
virus

DD




nggound
N-Chlorosuccinimide

Lysol

N~Chlorosuccinimide +

Lysol

Conc.
ng/L

B subtilis
var. piger

HEL
virus

1000
500
250

1000
500
250

1000

100
500
S0
250
25

N-Chlorosuccinimide

Triton W-20 (anicnic alkylated aryl
polyether sulfate)

N-Chlorosuccinimide +
Triton W-30

10co
500
250

50C0
2500
1250

1000
5000

500
25

25
125

N-Chlorosuccinimide

Triton X-102 (nesicnic octylphenoxy
polyethoxyethanol)

N-Chlorosuccinimide +
Triten X-102

1000
509
250

5000
2500
1250

100G}
500
500
2500
250)
1250/

6
2
2

[ S SR ep)

NN
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nggound

N-Chlorosuccinimide

p-Chloromercuriphenol sulfonic acid

N-Chlcrosuccinimide +
p-Chloromercuriphenol sulfonic acid

Conc.
mg/L

625

312.8

156.25
78.12

2500

1250
625
312.5
156.25

625}

2500
312.5

1250

156.25
625

N-Ioudesuccinimide

Lysol

N-Iodosuccinimide +
Lysol

10,000
5000
2500
1250

625
312.5
156.25

5000
2500
1250
1000
625
500
250

10,000
100
5000

5
1250
5000

B subtilis WEE
var, niger virus
7
5
2
7
7
7
3
7
7
2
6
7
7
7
7
4
2
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Conc. B subtilis WEE
Compound mg/L var. niger virus

N-Jodosuccinimide 10,000 5
5000 -

2500 -

1250 _
625
312.5
156.25

N RSP

Roccal | 1000 -
(Alkyl-dimethyl benzylammonium chloride) 500 -
250 -

e

N-Iodosuccinimide + 10, 003} 6

Roccal 100
500

S
125
HMf 2

N-Jodosuccinimide 10,000 5

N
&
SN PR R

Triton K-30 (anionic alkylated aryl 10,000
polyethar sulfate) 5000

[ I T B |
[¢2]

.....

Triton ¥-30 500

&
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Cmound

Dichloroamine T
(N,N-Dichloro-p-toluenesulfonamide)

Triton X-102 (nonionic octylphenoxy
polyethoxyethanol)

Dichloroamine T + .
Triton X-102

Cogc.
mg/L

10,000
5000
2500
1250

5000
2500
1250

Dichloroamine T :
(N,;N-Dichloro-p-toluenesulfonamide)

Roccal

(Alkyl-dimethyl benzylammonium chioride)

Dich].oroﬁnine T +
Roccal

10,000
S000
2500
1250

1000
500
250

10,000

10

5

106

5
5

2500
50Q)

25
250

B subtilis
var. RI er

[

N W w

WEE
virus

>2
>2

>3

>3

>3




Compound

Dichloroamine T
(N,N-Dichlero-p~toluenesulfonanide)

Triton W-30 (anionic alkylated aryl
polyether sulfate)

Dichloroamine T +
Triton W-30

Conc.
mg/L

g gubtilig

var.

nlgg_{

10,000
5000
2500
1250

5000
2500
1250

d-Bromopropionic acid

Triton X-102 (nonionic ociylphenoxy
polyethoxyethanol)

d-Bromopropionic acid +
Triton X-102

10,000
5000
2500
1250

10,000
5000
2500

625

1o,oo§}

500N
5000
5000
5000
%0
25
2500,

i
125

-

I T T B L )

(S
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Compound
»Bromopropionic acid

Paraformaldehyde

dwBromeprenionic Acid +
Paraformaldehyde

Corc.
ng/L

10, 000
5000
2500
1250

825

10,000
5000
2500
1250

10,000

10,000
5000
5000
2500
2500/

p-Chloromercuriphenol

Triton W-30 (anionic alkylated aryl
polyether sulfate)

p~Chloromercuriphenol +
Triton W-30

5000
2500
iaso
1000
625
“500
312.5
250
156.25

5000
2500
1250

5000
S0
25
25090
125
1250,
1
500
500
2500
25
1250

B subtilgg

var,
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p-Chloromercuriphenol

Triton X-102 (noniomnic octylphsno:q
polyethoxyethanoi)

loromercuriphenol +
riton X-102

Conc.

ng/L

B subtilis

s
var. niger

5000
2500
1250
1000
25
SoL
312.3
250
156.25

2500
625
1000}
5
S
2500

25
1250

p-Chloromercuriphenol

. Roccal

{Alkyl-dimethyl benzylammonium chloride)

2500
1250

1

!

625

312.5
250
156.25

2000
1000
500

125

-3 T T o ™ W W=y~

w

NwN

W W~y =3 =3

[3M]

T RN

WEE

virus
5 6
>3 6
2 6
>2
6 6
6 6
6 2
6
>4
>3
1
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Cgound

hloromercuriphenol +
cal

Conc.,

1356
500,
1600

62
500
500

500

312.5

500

2560

150

§ subtilis

B st wane
var. &EE

WEE

virus

>5
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These numbers repnesent the number of logs decrease either in the viable
count of B subtilis var. niger spores or in the LDgy of WEE virus inoculated
into wet Chicks., A decrease of six logs indicates failure to recover virus
because we use a 10~2 dilution of 1nfected mouse brain as our stock, and it
is infectious in dilutzons of abo§t 10-8. Consequently, if we decrease the
infectious titer from 10-8 to 102, we consider that to be a six-log decrease,
and that inﬂicaten that no viable virus was recovered from these mixtures. A
decrease of seven 1logs in the count of B subtilis var. niger spores indicates
the same_thing because we have a suspen91on that titrates out in control to
about 107 spores per milliliter. I am anxious to have comments from anyone,
the reaction to the possibilities or protabilities of prcducing or {inding a
usable mixture under the circumstances such as I have described. It :zppeared
to me that perhaps the presence of a surface-active agent would increase the
activity of the sporicide, perhaps by increasing contact or by some physical
factor. Without belaboring these long tables, I think that there are no data
present to indicate that any of these combinatioas are appreciably much better
against either B subtilis var. niger spores cr WEE virus than were the indi-
vidual compounds. -

There has been some activity recently by commercial firms to prepare com-
binations or complexes of germicidal agents. These are shown in Table VI,
Kescodyne is a2 complex of iodine with some surface-active agent. We used
this beczuse it was sent to us from Detrick, but we also felt that it was
interesting because it was along the same line of thought that we were per-
su.n~e at the time, We have.tested Wescodyne against B subtilis var. niger
spores and WEE virus, and in the very high concentrations which we have
tested, you can see that it is quite active._against both. We haven't done
anything more with thea than is indicated he:e., It is pertinent, I think,
to point cut that Wescodyne has a rather low pH in active solutioms, partic-
ularly at the high concentrations. I think that the activity against WEE
virus as indicated here can bé'explained. We know that ¥WEE virus is.quite
susceptible to low pli'a, even in the absence of any chexical inhibitor. We
have also tested a commercially available combination kmown ze Virac, which is
not a complex but a mixture of a surface-active agent and iodine. We have
found that this material is active, but it takes relatxvely high concentra-
tions of it to inactivate either B subtilis var. niger spores or a virus.
Certa1n1y, here again, if one doesn': raise the pH of the preparatlon as it
is available commercially whea it is made up, we find that the pH is quite
low, and the virus inactivating activity is considerably depressed. We h ve
Spent considerabie time lately investigating a variety of halogenated com-
pounds, particularly chlorosuccinimides, iodosuc:inimides, and bromosuccini-
mides, and ws think that they are quite interesting. Dr. Brockman has pre-
pared scme comdents on the activity and possible usefulness of this type of
compound, and I will let him discuss that.

‘x

ENGLEY: Wescodyne has been publicized all over the country, and I have had
at 1e avt a dozen requests frem state organizaticns to determiize what it will
do at 75 parts per million., Did yvou try it at that level?

Best Available Copy



TABLE VI.

ACTIVITY OF COMMERCIALLY AVAILABIE

DETERGENT -HALOGEN MIXTURES OR COWPLEXES

Active
Agent, B subtilis ¥EE
ng/L var. niger virus
WESCODYNE (West Disinfecting Co.) 57,500 7 8
Active ingredients: : 28,750 7 6
Polyethoxy polypropoxy ethanol-iodine 14,875 7
complex 7.75% 7,187 7
Nonyl phenyl ether of poly- 1,150 7
otlvhs gly¢ol-iodine complex 3.75%
Provides 1.6% available iodine
Inert ingredients 88.5 %
pH
Bef ore After
Incubation Incubation
57,500 2.3 2.5
28,750 3.1 2.9
14, 375 6.9 6.7
7,187 7.1 6.9
1,150 T.2 7.0
VIRAC 10,000 1
n-(Caprylcolaminoformylmethyl)- 10,090592/ 7 (M pyogenes)
pyridinium chloride (120,000 ppm) plus 10,0005*5/ -
iodine (30,000 ppm) Ruson Laboratories 10,000%-5/ -
10,W 7
10, 7
10, 000812/ >4
10, 00085/ 6

a, pR 7.2

b, pA 4,2; pH adjusted io 4 before incubation

. -
¢. Final dilutionz dome in sodium thicsulfate
4, Virac-virus amixture diluted in sermam-zaline

containing 5 mg/ml of 20dium thiosulfate

4%

Siluiad in buffer pH 7.

TR . Py ;
Diluled in buffer pH 4.1

4



SCHABEL: No, but Bibb‘-l!offm has. He has done a good bit, at least at
lower concentrations than we have.

HOFFMAN: We have a little ~ata of that type, but not a great deal. ¥e
Tound that it has 14ttle aciivity against B subtilis var niger at 75 parts
per miliion. Thé pH is very low, and it shows good activity against coli
and staphlococcus, as you might expect.

SCHABEL: The results that were published in the promotional material
were quite impressive, I thought; didn't you?

BOFFMAN: Yes.

SCHABEL: Well, we plan to do a good deal more with it, but we have just
Begun, and I wanted to bring it in because it is an interesting exampie of
a surface-active agent complexed with a halogen.

HALVORSON (Mich.): Could you describe your test procedure?

SCHABEL: The test prccedure? We inmcubate B subtilis var. niger spores as
we get them from Detrick, ~They: sare mot washéd ~spores, I am sure, but they
don't have :anywhere near .as.much extraneous smaterial as do our virus prepa-
rations. They are incubated in phosphate buffer at 379C for ii hours in
tlie presence of the compound-and ‘then they are diluted out in broth. V¥e

are now using skim milk, as i3 the group at Detrick, for diluting.

mmusmch.z: How-long does it take to make your dilutions? Is it a
matter of ntes? = .

SCHABEL: Oh yes, it is a matter of minutcs. You =may have ten compounds
under test,.and the teath.one:will have a ten-minute time lag from the time
you started the dilutiox;, but the individuai dilution a; a single compound
or exposure system from the time of :starting to the 10™% diluticn would be
certainly less than two minnteées. -

BROCKMAN: Table VII is a summary of the types of compounds we have screened.

I should like to make some observations on the in vitro activity of N-Halomides
and related compounds on B subtilis var, and WEE virus. The halogens
are known to be rather gocd gemcides, and in aqueous media, at lec. i, a part
of their germicidal activity can be attributed to the formation of hypohalous
acid, oxygen, ard halic acids. The reactions described by equations 1 to 5
are imown to be promoted by light.

X9 + Hp0 = HAX + HOX (1)
2HOC1 = 2HC1 + Oy (2)
PHOC1 = 2HC1 + HC103 (3)
SHOX = HXOg + 2Ho0 + 2X, ) (4

- X =5%r orl o
4HOX = Op + ZH0 + 2X, (5}

Best Available Cop:
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TABLE VII. SUMMARY OF CIASSES OF COMPOUNDS OBSERVED
TO HAVE SPORICIDAL OR VIRUCIDAL ACTIVITY

Activity Against

B subtilis ¥EE
Class of Compounds var. nigff virus
I. Organic acids
II. Aldehydes +
I1I. Epoxides x
IV. Ethylenimines + -
V. Llactones (f-propiolactone) + “
VI. Oxidizing agents + +
+

VII. Organic heavy metal compounds
VIII. Phenols
IX. Surface active agents

b
+

It is still open to question as to how much of the germicidal activity of
halogens is due to hypohalous.acid and oxygen as opposed to tha halogen it-
self. Upon testing oalciun'ﬁiﬁiéﬁlnrite, we noted, as many others have, the
marked activity of:. the agent- a;:inst microorganisms. The activity of this

compcund against B subtilis war. r led to the teating of N-halogan sub~
stituted coapounds Tor posaibla ty in our ayste-s

Chloramine~T was without actzvity, but dzchloraalne-r was moderately
active agaxnst B subtilis var. gégas. These compounds may be active in then-
selves, or, in aqueous solutionm; activity may be attributed to hypochlorcus
acid,

Their activity as germicides has been variously attributed to the N-
chloramide itself, to the hypochlorous acid formed on hydrolysis, to the
halogen produced by decompoaition of hypochlorous acid, and to oxygen simi-
larly produced. We have not been overly concerned with the classification of
these compounds according to their possible mode of action becausz we were
more interested in the activity itself. :

An axtension of the examivation of N-halogen substituted compounds showed
th-t the N-halosuccinimides possessed appreciable activity even in rathor
dilute solutions, HN-chlorosuccinimide and N-iodosuccinimide, for example,
inhibited R =zubtilis var. miger speres at concentrationms as lsg as .06
percent. N-bromosuccinimide cosmpietely inhibited D subtilis var. niger
at concentrations of 0.1 percent, the highest dilution of this compound
exanined to date. The N-halosuccinimides also appear to inaciivate WEE virus
at the higher concentrations (one percent solutions). N-bromoacetamide and
! 1a-aubstituted hydantOins, 1,3-dibrowmo-5,5-dimethyl hydantoin and

s-f-inopropyl hydantdin, also were qu1t° effective in inactivating
AT .;iii Examinntion of these structures shows that theyr all
g X or § X

T

L.

: oy iamer
& ge Cé.‘;.a....‘.

ot
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these compounds are capable of vielding the
could be ciassed as oxidizing
+he reactions of nypohalous

In aguecus solution;
corresponding hypohalous acid and, therefore,
agents or as halogenating agents by virtue of
acids reviewed earlier.

H ()
R-g-E-R - R-g-k-xs + HO% '

HWe have considered these componnds of interest for several reasons:
(a) their activity in the biological test systems used, (b) closely related
compounds are readily awilable in quantity, and (c) the consideration,
which may be of practice interest, that compounds of this type have pre-

viously been used to impregnate clothing.

The activity of these halogen amides suggests that N,N'-dichloro-
agodizarboxamidine, known as azochleramide, which has been around since 1935,

might be even zore effective.

’Cl L ’Cl 7
HoN-o-N = N g-}iﬂz (7)

This compound is reported to possess the property of killicg many
organisms in the presence of organic matter, including serum, and is dz-
scribed 2s being non-: rritating, which is interesting if true. ¥We plan to
examine this material in our test systems.

The well-kmown chloramide, halozone,

100C~ & S02-NC12, (8)

closely related to dichloramine-T, has been used for sterilization of
drinking water in the field. It will be interesting to examine this compound.

The third compound, which struck me as jinteresting in this connection,
is N-chloro-N-(2,4~dichloropheny1)—benianide, also known as British Impreg-
nite, which has been used for the impregnation of clothing to provide pro-
tection against sulphur-mustard gas.

1 31 0 (9)
01- S
This compound inactivates sulphur-nustard gas by an oxidaticn to the

corresponding sulfoxide and chlorosulfoxide as shown in equation 10. It
is possible that this compound is capable of spore inactivation.




52

C1-CY,-C C1-CH3-CHp
S /S = 0
€1~CHy-CHg C1-CH,-CHy
sulphur mustara sulfoxide
Cl—CBz-Z-B\
S=0
C1-CHy~CHy
Chlorosulfoxide

To summarize, tho activity of halogens and inorganic hypohalites in re-
ducing the viability of suspensions of B subtilis var. niger spores and WEE
virus led to the testing of N-hmloamides and N iTiloimides which were alsoc
found to be active; other similar compounds, which are readlly available,
have been cuggested for sxamination.

Soms of the duts suppox‘ting the vork I have mentioned are given-in
Table VIXI.

SKIPPER: Did you say something about the stability of the halogenated
succinimide?

BROCKMAN: I couldn't give any actual figures on that, but they are probably
avaliable. As Dr. Raddish told you this morning, calcium hypochlorite is
much more effective in acid solution, and I suspect the same thing would be
true with these,

SKIPPER: Are they particularly irritating?
BROCKMAN: Yes, they are ifrita‘ting.

HALVORSON (I11,): Do these compounds prevent the spores from germinating or
c they prsvent the germinated spore from growing? I know thal you can have
cither one happen. Arc these compounds ones that kill the spors, so to speak,
or do they permit the spore to germimate and then the vegetative cell is so

sensitive that it is killed? v

@J{IF’F& 3 I doni'{ know anything shout 'ch:w but could you get at that partic-

A G o
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TABLE VIII. SUMMARY OF THE ACTIVITY OF N-HATLOIMIDES AND RBLATED CO*" OUNDS
ON B SUBTILIS VAR. NIGER, WEE VIRUS, AND M PYOGENES

¢
Cusarved Activityd’

Cone., § subtllie B2
Compound Structure ng/1 Yar. niger virus gmm::(}g_;_}{___a
Chloramine-? CA3- £ % —S0,-NAC1 10,900 - - .
Dichloramine-T CH3-¢_D—S0,0¢1, 12,000 (7}, +(7) - *
3 £,000 +(4), 2(3) +
2,500 -
1,280 -
0 1,000 - .
N-Chlorosuccinimide ! ~C1 16,000 ogzi «{2}, +5) *
»>
5,000 (1), {7}
2,500 +«(7), +(7)
«(7), -(6)
+(7)
1,250 «(7), «{(7)
«{7n), A7)
*(8)
1,000 +(6), 2(3),- - .
625 +(8), +(8)
‘is). +(8)
. 6)' -
$00 :{3)! el Bl
+(4)
2 m T e 7y
N-Bromosuccinimide .-Br 10,000 +{7), «{7)  +(8), +(8) +
5,000 (7 - .
0 1,000 +(N - .
N-Todotucciniaide -I 10,000 «(7) +(8) -
10,000 +(7)
5,000 0(7) -
1,000 «(7) +
$,000 +(7)
2,500 +(7)
1,250 +(7), +(7),
+(7), +(7)
RI% +{8), 2(3),
(7)), +(7)
312.5  «(5), -, +(T)
156.25 o1}
q
N-Bromoacetamide CHy-C-Mn-Br 16,000 +(7), 4§7) +{8), «(8) +
{7
5,000 +(7) +(8), +(4} -
gr 1,000 «{7) - e
O-T-—k
1,3-Dibromo-5,5- >:0 10,000 +{7), +(T) +(m) .
dimethyl hydantoin (CH3)o- L._3.- 5,000 {7} .
. 1,000 +(7}
[ohi
M-Crloro-S-{sopropyi- [ —— 1n,000 (7
hvdantoin 4 >:0 5,000 (7}
(CHy Ol L., 2,500 +(7)
‘ 1,250 {7

resented by ¢, The figure in pare
A reduction ~f 7 logs far B

is andioatlive of compists iphibi

: shows the legarithmic
{2 ver. niesr sad of ¢
Rt

pest Availabie Cr



HALVORSON (I11.): Yes, it can be approached. I kncw that scme of our spores
have been stored for a long time at room temperature in a dry state. Wz count
them so we know the number of spores present, and thern we also makc o plite
count.  We find that only a small percentage of them arc viable. Tested by
change in permeability and change of light transmission, it was perfectly
possible to notice the spores germinate, but they subsequently cannot grow.
- It would be interesting to know what e¢ffect these compounds do have. If it
were a case of an inactivated spore that could not germinate, then we might
conceivably imagine that things could happen to the spore to remove thesc

agents so that it could germinate subsequently.

.. JALYORSON (Mich.): W¥e have been very interested in the kinetics of imacti-
vation of various strains of spores, mostly with ethylene oxide as the in-
activating agent. I think we did a little bit about it last year, but it
turns out that, in a number of strains, there are wmixed populations, some of
which are resistant and some of which are sensitive. In this last year at
Detrick, they actually separated the resistant fraction from the sensitive
fraction of spores by electrophoretic mobility, but we are quite interested
in knowirg what type of kinetics one obtains. With B subtilis var niger,
you apparently have one type of population as far as ethylepe oxide is con-
cerned in separating them electrophoretically. I wonder if you have done time-
course studizs on some of these other compounds. Do you have any indication
of a mixture of sensitivities in population, or {s it just a one-time system
in which you make your assay?

BROCKMAN: Well, this is actually a screening program using a fixed time
exposure to the zgent. It might be that we could further inactivate it at

shorter times, maybe even at very short times.

MANGUN: I wouid like to add just onc comment regarding oxidizing agents.

There are many viruses that are highly susceptible to oxidizing agents, even
in the presence of organic matter. It seems that WEE virus is highly sus-
ceptible, but there is a large spectrum of viruses that are virtually non-
susceptible to oxidation until you go clear over to total protein denaturation.
You will sze this in the presenfe of serum, because the complete change is
perfectly visible in the nature of the protein. A number of viruses we have
studied can't be oxidized until you destroy everything else at the same time.

BROCKMAN: This was what seemed interesting about azochloramide, and I
wondered if anyone here had had any experience with this,

RECDISH: Dr. Brockman compared to the theoretical amount of hypochlorus
acid one can get from some of these agerts, hov is hypochlorus acid ite=1f?

EROCEMAN:  Against B subtilis var. niger, quite good, In fact we have used
AR AN AR = SULLIS1S vay. niger R

t as a positive control. 1t didn't include it in Tabls VIII, but I should
mentioned the fact that it i3 so geod that we use it as a positive

oy
control

Ve

CALYORSON (J11.): What arc the comparative concentrations required to kili

Lporen versus vegetative cells?
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SCHABEL: We haven't tested the vegetative cells of B subtilis var. niger.

HALVORSON (I11.): What I am thinking about is the fact that anthrax spores
require parts per million available chlorine to kiil them. I wanted to
get the order of magnitude that you are dealing with,

BROCKMAN: Well, N-chlorosuccinimide, which requires about 0,06 percent and
is 800 parts per million, kills just about as well,

KAYE: Or. #hillips (Bact Rev, 16, 135-138, 1952) has prepared a little
conparison table on the relative resistances of spores and vegetative cells,
and in general, there is a ten-thousandfold difference in resistance to
chlorine between spoves and vegetative cells.

HALVORSON (I11.): If you are looking for an ideal agent for spores, you
have a long way to go.

KAYE: Well, ethylene oxide shows only a tenfold difference between spores
and vagetative cells; these alkylating agents show a very small difference.
However, it takes a lot‘more ethylane oxide to kill even vegetative cells,

SKIPPER: I am sure you all realize that Dr. Brockman and Dr. Schabel have
employed what we might call enlightened empiricism in their screening. FWe
think that there are two ways to approach this problea and they have been
discussed today. In one you can study modes of action, and in the second,
you can u3zs this en.ighxlnsd eqpirical approach. I would like to be per-
mitted to make oné philosophical t. We worked with siechanisma alot,
and we liked to think this death 1ine is a logical approach and is really
the thing to do. Then we look back in history and see that the results on
the other side are much, much higher percentage-wise. It isn't a very
flattering thing to say, but I can't help making the Temark., Well, going
from the enlighténed empirical to the complete antithesis, we would like
to hear from Dr. Heine, who is going to tell us about the mechanisms in the
ethylinimines,

HEINE: We are presently studying the synthesis of various e hylenimines

and their mechanisms of formation and reaction. The last tine, I reported
to you about the mechanisms of formation of N-phenylethylen1mlnes from the
Heta-halogenated amines in the presence of hydroxide ion. This is carried
out in 72 percent ethanol at 309C. We -:tablished that the reaction pro-
duct was H-phenylethylenimine and that the rate of relesa=s of bromide ion
satisfies the equation

d(Br7) /4s » k'(bromoamine) + k'(CH) (bromoamine),

where K' represents a first-order constant for an internal nucleophilic
displacemcnt of the bromine by the anilino group, that is,

Best Availahia (-



56

K
Csﬂs-i-CHz-Cﬂz-Br — C5H5+ - g ‘ + Br

k-1 Ncz

CHg . A2
ca"-g/ + -0 _2__ CeHs - N | +Hpo,
&7 éﬂz Fast “NCHp

and kg represents a second-order constant for the reaction of the base with
N-f-bromoethylaniline to form N-phénylethylenimine, Two mechanisms were
postulated for the second-order reaction. One mechanism involved a concerted
attack of hydroxide ion on the proten simultaneous with loss of the bromide
ion:

R _LHy 2 }
/el CH,
g : \
HO--- ---K V.-
Brd

The s.e':o‘x,n!‘,,-'ecmh_jtsaﬂ was depicted as a two-step process involving an
equilibrium between the base and the anilino group of the bromoamine to
form an anilino group followed by a first-order displacement of the bromine

by the anilino ion:

B
Ce - N - CHp-CHg-Br + "0 o=E=> CgHg - “N-CHy-CHy-Br + Hp0

N~ C?z

\cr

— k
CeHs — N - CHy - CHp - Br —2 3 Cglg - + Br-.

2

Since February, we have msasured the rates of reaction of the variocus
N-tolyl, para-tolyl, and ortho-tolyl beta-halogenated amines. Table IX
summarizes the data on the alkaline solvoiyses of N-A-bromoethyl-p-
toluidine. Table X shows the dependence of the pseudo first-order con-
stants on the sodium hydroxide concentration for N-J-bromoethyl-p-
toluidine, N7ﬁ-bromoethy1-m~toluidine, and N?dLbromoethyl-o-toluidine.

As shown in thc examples of Table IX, the rate of rslease of bromide
ion follows first-corder kinetics, However, as also shown in Tadble IX and
cwzarized in Table X, the firsi-order cornstant increases with increasing
odive hvdroxide ceoncentration. This again s zttributablie *o sirml-
Coevnidly ogeurring Dirst- and second-order processces, The first order

troean b o evaluated by oxtrepelation of the lines drewn from the
Bl TN Lo zore todium kydroxide coenceatration, whkile *the

Best pvailable Cop*
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TABLE IX. ALKALINE SOLVOLYSIS OF N (1BRGMOETH¥L~p—TULUIDINE IN 70
PERCENT ETHANOL AT 30CC AND AT VARIOUS CONCLNTRATIONS OF SCDIUM
JYDROXIDE

TIME, VOL. OF 0,0505 N 102k,
min, AgNOp, ml. min, =1

0.03 ¥ N-f-Bromoethyl-p-toluidine and 0.03 M NaC

10,16 1.08 2.07
20,23 2.06 2.11
30.28 2.79 2.10
41.23 3.47 2,13
62.23 4,32 2.09
oo 5.93 (mean) 2.10

0.03 M No§-Bromoethyl-p-toluidine and 0.12 M NaOH

10.16 1.29 2.40
20,16 2.28 2,40
30,20 2.00 2.40
41,16 3.72 2.40
51.20 4,21 2,42
63.16 4,66 2.44
75.41 4,93 2.36

&) 5.93 (mean) 2.40
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TABLE X. RATE CONSTANTS FOR THE FIRST-ORDER ALKALINE ROLVOLYSIS
OF THE N-§-BROMOETRYLTOLUIDINES IN 70 PERCENT ETHANOL AT 30°C

Molarity, Molarity, 104k, 1
Bromoanine Brouoamine NaOHd min,

N-f-bromoethyl-p-tcluidine 0.03 | 0.03 2.10
' 0.03 0.06 2,26

0.05 0.10 2.33

0.03 0,12 2.40

0.03 0.15 2,53

0.03 0.18 2.64

N-p-brwoethyl-m-toluidine 0.03 0.03 1.34
_ 0.03 0.96 1.44
0.03 0.09 1.53

0.03 0.12 1.58

0.03 0.18 1.67

0.03 0.24 1.90

N-ﬁ-bmoetml-o-toluidine 0.03" 0.03 0.943
0.03 0.09 0.965

TABLE XI. FIEST- AND SECOND-ORDER RATE CONSTANTS FOR TEE RATE OF RELEASE

OF ‘BROMIDE ION FROM SOME- N#mummm IN 70 PERCENT ETHANOL AT 30°C

10%K, 16T
Amine min."-1 1it. mol,~l min.-1
3
Colig-H-CHp-CHa-2r 0.94 2.0
:
m-0Ha «CoHg -N-CHo-CHo-Br 1.30 2.2
2.00 3.6

0.94 {approx.) 0.38
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second~crder constants can be estimated by the slopes of the lines. These
values are presented in Table XI together with the previously detesmined

constants for N-ﬂ-bromoethylaniline.

With the unsubstituted bromoamine, we get a rate constant of O 94 x
102 min=1 for the first-order constant and 2.0 x 10~2 1lit mol-l min-1 for
the second~order constant. When we put a methyl group in the meta position,
it donates electrons to the ring and, therefore, should make it easier for
the nitrogen to displace bromide. Consequently, the first-order rate should
go up; it does, for we get a rate constant of 1.30 x 10™“ per minute. When
we put the methyl group in the ypara position, it will pump electrons even
more readily than in the meta position, and we would expect that this first-
order reaction would go up still more, We get a constant of 2.0 times 10~2
reciprocal minutes, Finally, if we put a methyl group in the ortho position,
we would expect that the methyl group would get in the way of the nitrogen as
it tried to cyclize thus sierically hindering the rezction, We find this to
be the case; we get about 0.54 x 10'2, exactly the same 22 the unsubstituted
onss, Thus, in this case, the effect of the methyl group pumping in the
eldctrons and making the nitrogen more basic is counteracted by the methyl
group getting in the way of the nitrogen as it tries to cyclize.

A very interesting observation concerns the constants we got in the
second-order reaction, 2.0 for the unsubstituted, and 2.2 if we put the
methyl group in the meta position., The second-order reaction rate goes up.
In the para position, we get 3,6, and in the ortho, 0.36., Now as far as
these compounds are concermed, it eliminates the first mechanism we proposed
for an anilins ion forming and subsequentiy displacing the bromide; it means
that a concerted attack is taking place where the hydroxide ion attacks the
proton simultaneously with the nitrogen displacing the bromine.

LEONARDS: It might be worthwhile pointing out to the more biologically
.oriented people in the group that these reaction mechanisms may not help
us get at the reason why these compounds might be effective against spores.
But they are of value in helping synthesize new compounds in this group in
better yields in the hope of finding compounds better than ethylenimine,
itself ;| as a sporicidal agent, That is where the practical value of this
work 1ies. The real purpose is to obtain new compounds that might have
activity and properties better than ethylenimine, and these studies are
really designed to help obtain these new compounds.

SCHAXIZ: Is anything ¥nown ahout the influence of substitution on the

> s

.
tonicity of these comoounds?

skraﬁ is some information about these compounds. In general the
with the reac tiv1»y until you get such rapld reactions that
juei donti get anywnere in the JL‘%‘Y, and then 1t drops again.
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IIY. MINUTES OF THE SKCOND SESSICN

KAYE: I would like first to welcome Dr. H. O, Halvorson of the University
of ITlinois and turn the proceedings of this session on spores into his
capable ‘Rands.

HALVORSON (T11.): Well, I take it you would like a progress report on

our work at the University of Illinois. Our work bas dealt with Bacillus
terminalis, the name of which has been changed to B cereus var. terminalis.

Re have also done some work on the anaerobes and botulinus, types A and B.

An interesting observation was that, previously, we have been able to get

our spores to germinate with L-alanine and adenosine at room temperature in
distilled water. However, we received a large batch from Detrick, and these
spores would not germinate under these circumstances, Even after heatshocking,
they would not germinate unless we cdded phosphate, borate, or carbonate. We
suspected heavy metal contamination and so dialyzed them against versene.

After dialyzing, they then germinated normsily. ¥We had done a few preliminary
studies on terminalis and found that Mg, Co, Fe, Cr, and Ni ions all interfered
with germination. We don't know the 1imit of the concentrations yet, but wr
get inhibition at very low concentrations.

We have made a few preliminary studies on the work that Brooks Church
and Harlyn have done at Michigan on enzyme: ilhat can be activated by heat-
shocking. At Hichigan, they find that they can take spores and heatshock
them at 65°C for an hour or more, and that they then are enzymatically active
in the oxidation of glucose. In our expérience with these spores, we got no
activity unless we added yeast extrzct to the media. Normally, if you add
yeast extract the spores will germinate, We found that we can prevent this
germination by adding a fairly high concentration of phosphate. We don't
know what ingredient in yeast extract is responsible for this germination.

It is not any of the comeon cofactors. We have tested ATP, coenzyme 1,
coenzyme 2, and pyridoxine with phosphate, and so far none of them can replace
yeast extract. ¥e don't know what the factor is; it my perhaps be a metal,
but we will have the anaswer, I think, shortly.

Cne of the problems that we have been concérned with is the effect of
mezeture activity on the germination of spores., Some of this work has been
published. The technique we are now using is to prepars gpores standing in
adencsine and L-alanine in the cold room (where they can't germinate), ploce
them on glass slides, dry them thoroughly, and then take these slides and put
tre=m in desiccators covoyr sulfuric acid of various concentrations to give
nt relative hunidities. ¥e then remove the slides and screen them to
spores have germinated ir order to fird the limit of moisture con-
1 vhich wil" allew germination,

Preceding Page Blank



Another technique we have used is to clean the spores in 2 solution con-
taining alanine and adenosine with various concentrations of sucrose which will
alter the moisture activity. We find that they are working with a mixed pop-
ulation, A few of the spores, from 10 to 15 percent, will germinate with =
relatively small moisture activity eguivalent to a vapor pressure of ahout 96
percent of saturation. The other 85 percent of the spores will not germinate
until the moisture activity is equivalent to 99 percent or hetter. But we
have a mixed population, and we are anxious to find out whether this is due
to difference in fat content of these spores, which is something we have not
done before.

One other observation which is of interest (and essential for inactivation
of spores) is that we tested the effect of rancid fatty acid on the germination
of spores. We found that you could test the production of a colony and ob-
serve. fatty acids interfering with germination. In the presence of the
rancid fat, you get fewer colonies produced than you do without the rancid
fat. What is actually happening is that the rancid fatty acid is destroying
or killing the nmewly formed vegetative cells.

Here we have two different types of mechanisms for spore iractivation. In
the presence of heavy metals, spores cannot germinate and, therefore, carnat
produce a colomy. On the other hand, as with these fatty acids, you may have
a toxic ingredient in-the presence of which the spore can germinate but can't grow.
In studying the compounds that inactivate apores, it mmy be important to dis-
tinguish between these effects.

We also found that the viability of spores which have bzen standirg open
to the air and in a dry state goes down to around 30 percent after three
years; yet these spores all germinctc with adencsine and alanine. You have
the spores germinating in buffer, but the resulting vegetative cells canno:
grow. Here, we have spores inactivated by something that was procuced by this
long period of standing.

For the anaerobes, we have been able to develop a clear liquid media which
gives us 100 percent sporulation in 48 hours with the snaerobes Clostridium
reseum, Botulinum type A, and Botulinum type B, For a long time, we had =
gre«t deal of difficulty in harvesting these spores produced because it
appearcd to us that the spores were germinating in the same soup in which they
wers formed, This apparently was caused by (a) growing the spores without
taking any special procauticns for anaerobic or aerovic conditions, and (b)

a layer on the surface of the medium in which the normal ingredients were
used . Hhen they were usedaup in the rest of the medium it did not inter-
fer. with germination. WHe grew these spores under anaerobic conditions,
woducing anaerobiosis by simply bubbling gas from the gas jet through the
=odium, 3eiting it on a magnetic stirrer, and keeping it stirred. ¥e found
: =0t ¢ much hiche el vegetative <ells and 100 percent sporu-
wn 21l of the muirient so that
4 ». have been able to get
: cells In all threo of
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these anaerobes, we have been able to get them to germinate within two 1o

five minutes with a =mixture of l-alanine, L-pheny:uzinnine, and arginine.

You can follow the germination by change in light ° ‘ansmission as with

areobes, Germimation will not take place unless you have completie anaerobic
N conditions; you get that by adding sodium thioglycollate to this medium. ¥e

lknow very little further about the mechanisms of this germination except that

we do know that these anercbhes do not cortain a racemase and, therefore, the
L-alanine does not convert to D-alanine. We also observed that, during ihe
course of germination, these spores use up a large =amount of the zlanine
which i3 in the medium, which is different {rom that observed with the a:robes,
When the aerobes germinate, you find practically all of the alanine left in
the medimm, and stme of it has been converted to D-alanine. Here it is not.

A large amount of it has been used up.

If you hold these spores at 659C, they fail to germinate, and the mech-
anism that uses up alanine does not operate at 656C, When you reduce the
temperature again to 300C, the spores germinate rapidly, so the mechanism
that is involved is not destroyed at 65°C.

SKIPPER: In germinating the spcres in which there is a requirement for
alznine and adirosine, ATP will not substitute for adenosine, will it?

HALVORSON (I11,): No, it will not, but my statement was that if you heat
these spores at 65°C for an hour, you activate enzymes that wi’l oxidize
glucosa. This enzyme apparently requires a factor from yezzt »iract, and
this factor is not ATP, ADP, or pyridoxine.

SKIPYER: In a germination, will other adeninés substiture for adenosinae?

HALVORSON (I1l1.): No.

SKIPPER: This is really quite fascinating. I have never heard of anything
that adenosine would do that, in some degree, one of these others would not.

HALVORSON (I11.): One of the former students who was at this meeting last
time, Dr. ~awrence, who is not here now, has apparently sncountered an enzyme
in these spores that decomposes adenosine to adenine and phosphoribase.

SKIPPER: Apparently it does not go the other way.

HALVORSON {331.): These two will not substitute for adenosine.

SKIPPER: That is very fascinating, I assume you cannot substitute for
alnnine the alpha hydroxy or alpha keto acid? .

s spares for a long tims, however, they «ill thewn
¢ alone., PBut I suspec’ strongly that theve is a small
rg tormed within the score during the heating.
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HALVORSON (Mich.): The thing that is complicated in tnis rega.. is thai the
amount of alanine and the amount ot adenosine have reciprocal relationsaip

to each cther: If you use a high amount of adenosine, you can gei sway with
very little alanine; if you use very little adenosine, you need a large amount
of alanime. It is difficult to say whet is invzived. ¥e have dome some tracer
work with alanine, and we find that a very smll amount is bound. It requires
acrobic conditions, but w2 can't detect any metabolism of these compounds.

HALVORSON (I11,}: One other fact is that these spores would not germinate
even with alanine and adencsine at 65°C. If you cool them down to 30°0, they
will germinate rapidly providing the temperature has not been kept at 359C too
long. The enzyme that decomposes ademosine is still active at 6S9C, ang if
you keep it at tnat too long, your adenosine is all gone, and you have to add

more adendsine before you can mmke them germinate,

STIA: On the basis of your studies on the germination of Deirick s;.- - when
vou lound that metals interfere with gemmination, would you recommend é*ahzmg
all your batches of spores before running sporicidal tests?

HALVORSON (I11.): It may well be that, if we had taken the same precaution
in washing these spores as we did with the first batches, we might not have
observed this phenomena. The preparation looked so clean to us that we dis-
pensed with the special cleaning. The medium is resmoved just by simple wash-
ing. I might tell you alsc a method used recently fer cleaning spures which:
workad Jut very well in separating the =mpores and the vegetative cells debris,
We make a series of layers of sucrose solutions, 40 percent, 20 percent, and
10 percent in a centrifuge cup. First you put in the 10 percent solution, and
then inject underneath that the 20 percent solution, and underneath that the .
40 percent solution, and let that stand in the cup overnight. Then layer
your spores on top of that and centrifuge. The spores will go clear to the
hottom, and the debris will remain ir th: 10 percent solution. The spores
you get at the "ottom are very clyan.

HALVORSON (Mich.): We ran across a rather nice trick. If you put B subtilis
var. er in a tiask in an icebox or cold room for several weeks and them
siphon off the top layer, you willi find the layer just below is very ¢lean,
By repeating this for two or three noriods, you can obtain very clean spores
of the niger variety. It doesr 't workx <> well with others, but with that
particular strain, it works very woll.

STIM: s there any difference in resistance between different layers of
spores?

HALVORSON (Mich.): No, thst ha» boen a point of some comcern to us, that
maybe we are throwing away onme fraction and purifying another, which may =ot
pe the whole story, He haven't really looked into that, although in the -ast
= have washed up the entire 1mterinl, and we knovy our preszent resistance

TEF T !-,#;n'n 1o e
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a~YE: Dr. lecnards observed something similar by accident in thc prepara-
tion of some spores.

LEONARDS: Yeés, and I think this is the aame phenomena., All we did was let
the suspension stand for awhile and that autolyzed thc vegetative cells, but
1 don't think tr: ~ were any metals involved. The difficulty in letting the
spores staid for a'long time if you are trying t. make i0 pounds of spores
is the fact that you are holding up a large tank for six or eight weeks, I
guess it is all right on a sm1l scale.

SKIPPER: How general is this adenosine and L-alanine requirement for sporu-
1ation? I mean is it required for all the aerobes to germinate?

HALVORSON (I11.): According to the English literature, they claim to have
obtained germination with glucose without the adenosine. but we have had to
use adenosine and alanine.

SKIPPER: I just wondered if this has a practical applicatiza. I dua't know
much about this, but I wonder (if you want to prevent germination) whether
some of the materials that are antagonists might not be active enough in
small concentrations to stop the germina’ion.

MANGUN: This matter of whether vour snores are Xxillsd 33fors ihey can ger-
minate «r 5f.er ths; can gerdinate and car't reproduce is very interesting.
Tow Fas e tloc dsita go in studying different types of compounds? I had in
mil, *a.lfically, whether these agents that have been studied intemsively,
such as the mustards, prevent germination or not? If they don't prevent
germination, then one can assume they are actizz in the same way as they are
acting in vegetative cells. :

CHURCH: In our studies with ethylene oxide, we inhibited germination of the
agent. We attempted to germinate spores after varying ictervals of exposure
to ethylene oxide, The curve we got, kinetics of the inhibition to germin-
ation, was identical with the curve we got when the treated spores were
placed on the agar plate. Or in other wards, if spore growth would take
place, so would vegetative cells., This indicated then that in all insiances
it was the germination phase that was being hit, In other words, they were
not going to the germinated spore and then being ia~ctivated. Whatever site
is being hit with the ethylere oxide present happemec in the ungerminated
spore. It may be that the same site is affected in the ver tative cell, too.

MANGUN: 1 don't know what germination is, except that it involves some type
of de-polymerization or uncoiling, but as far as we know at the present time,
it s not involved in the nucleic acid system.

#ALVORSON (Mich.): The initial adsorption may require a higher concentration
in the spore than in the vegetative cell because, I think, the surface comes
¥y. e have a fair amount of fat on the surface of spores, and co it
ire a higher concentration to bind il and hold it. I don't think the
ation difference would tell you very much,
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We have been involved for ahbout three years now in working with Detrick
spores, We started out on the effects of ethylene oxide and diveried to the
mechanisms, but I'll leave the mechanisms until this afternoon. We have been
following the behavior of ethylene oxide on spores, trying to get some idea of
the action of the compound., Our intent was to use labelled ethylene cxide to
try to £ind out where the chemical is adsorbed, but we ran across a phenomenon
which has sidetracked us now for two years which I would like to discuss in a
moment. In studying the inactivation of B terminalis spores by ethylene oxide
at 59C, we obtain the same type of curve whether we count the number of ,pores
whnich have germinated af'er various exposures to ethylene oxide, do viahility
on a plate, or measure the activity of racemase enzyme. We have a very rapid
period followed by a slower period; this has been dome many times and, as
near as we can tell, appears to be two exponential tunctions. We checked the
inactivation of many species of spores. ¥We seem tc get this type of break only

with two strains: B polymyxa and B terminalis. For some reason, we became
suspicious that the fat content of the spore might be involved. We tried to
test whether or not fats were involved in this and whether this may represent
a mixed population. We extracted spores with methancl and chloroform and the:
tested the population. B terminalis gave us, on fat extraction, a very rapil
kill equivalent to the initial slope of the unextracted population. Following
this line of thought, if we did havc a mixed population in which fat was in-
volved in some way or another, this might be a surface property of the spore,
and perhans we might pick up this difference in difference of surface charge.
We used a technique whereby one can meoasure the individual mobilities of
spores in the electrophoretic apparatus with a microscope. We carried out
mobility measuremente on large mmbers of spores, and found that, from the
original population, we could construct a histogram in which we have two
populations; a small population and a large one. If we fat-extract these
spores and then run an elactrophoretic histogram, we lose our fast travelling
population which corresponds to the resistant fraction. We thought perhaps
that, if fat were involved and we were able some way or other to increase the
fat content this might be reflected in a more resistant population. We found
that dy incorporating glycerol into the medium we could obtain what we called
"fath" spores, To give you rough idea, B teérminalis is 5.4 cubic microns in
size, normally. Grown in the presence of glyceroI, this increases to about
15 cubic microns. The fat content, that is, the percent ¢f the material which
can be extracted, rises from 4.5 percen‘ 4z 30.8 percent In B polymyxa,
which also shows an inhomogencous population in resistance and mobility, our
size goes from about 5.1 to ebout 25 cubic microns, and the fat content rises
from 8 parcent to 62 percent oi the spore. The ntriins of B cersus, B sublilis
var. niger, and another strain of B aubtilis, all of which appear to have homo-
geneous ethylene oxide ! 1ne%lrg, all appeared homﬂgengoua in mobility, and did
ne come larger when grown in glycerol., ¥e amalyzed the fat which one can
n from these spores and analyzed fo~ fatty acids and glycerol as com-

2 of the fat, Actually, in the literature, there i3 really very litile

gis. He found that the major component of the fatty

2 little bit of butyric and a very little bit cf
V,S’ﬁczﬁd a fair amount of the nur.uaponifiable fraction,
! ‘ i T owhat i ; It d8 quite obvious

ter-scliuble,
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We have tried to see if the fat can be involved in the ethylene oxide in-
activation by doing recomstruction experiments. That is, we deiermined the
normal inactivation curve obtained in distilied water, addced fat to the sus-
pension of spores, and ran an ethylene oxide inactivation.

In other work, we found that B anthracis contains an alanine racemase,
and the alanine racemase is more active than in any of the other six strains
of Bacillus. Whether this is related to pathogenicity or not, I don’'t knovw.
One can-purify anthrax in a manner similar to the other strains whose problenmc
are really very, very similar, and I think a good deal of information can be
transferred.

REDDISH: Were these heated or unheated spores? What was the medium used for
growing the spores, and at what time and temperature did you grow them before
you harvested?

HALVORSON (hich.): Well, the cleaning of spures i: almost a different problem
for each straxa., It has to be worked out individually, but the general over-
all picture with the aerobic spores is one of findiig an inorganic medium that
will stimulate sporulation. These are vigorously azrated at 30°C. To get an
optimal spore crop, it is really neccssary to carefully watch the percentage
of spores being formed in a growing culture, There is ubout a one-to-two-
hour period during which one should harvest to give maxiwml yield. Folloving
that peried you get lower yield. Spores are different when grown under
different conditions. One problem is to get a good yield 2~4 the second is

to get uniform crops.

I think ihe only thing we have in ihis vein comes from some enzymology
studies we did some years ago when Dr. Harrell was with us. ¥e were inter-
ested in this question: Does the ethylene oxide get in and inactivate the
enzyme inside the spore or is it a surface effect only? We grew spores in the
presence of penicillin, sporulated them in vitro, and tested the intact clean
washed spores. These had no penicillinase activity. However, when we ruptured
these cleaned spores and tested the extract they were penicillinaise positive.
The strains grown in the absence of penicillin do not produce penicillinase
so that these spores metabolically may ditfer, however, we just haven't
systemically worked with that.

SKIPPER: One other question - you say that the racemsse activity parallels
the killing?

HALVORSON (Mich.): Yes

: How about other enzymes? Are there any other enzymes that follow
nt Jine?
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HALVORSON (Mich.): We thought the enzyme would be u good one to follow as a
criterion of inactivation, and then we spent quite a bit of time trying to
decide whether the racemase was at all involved in germinetioa ana "o came 7O
the conclusion it was not, So we gave up racemase. Then we iriec to look
for other enzymes, but unfortunately we are coming tc the end of the contract
and are closing the door. But I think it would be worthwhile to tcst some of

these other enzyme systems on inactivating agents.

CHURCH: I wanted to discuss the inactivation of the enzyme, the kinetics of
which are similar to kinetics of inactivation of germinatiorn and viability.
We thought that perhaps you could determine these racemase inactivation rates
by athylene oxide and get some correlation with inactivation. However, when
racemase was ruled out as an enzyme responsible for germination, we decided
that possibly there were other things in the spores to be looked at, The
literature is very diacouraging on this point.

We tried to prolong the period of heatshocking to see if this had any
effect on glucose oxidation. We were also aware of the fact that terminalis
spores did not germinate in the presence of glucose. In our system, there is
no germination, and the intact spores were exposed to 65°C for one hour.
Figure 6 demonstr~‘- . the oxygen uptake on tris type of spore at various times
of hvatshocking at 65°C. Theré is no endogenous respiration. These spores
are placed in a vessel with phosphate and glucose, and that is a211. Following
the heatshocking and within 15 minutes' time, the oxygen uptake is very slight,.
However, if the time is increased to 60 minutes, the maximum oxygen uptake is
a very remarkable amount. At the same tim: the endogenous respiration in-
creases substantially. We heatshocked the spores for an hour, st»sred them in
ire icebox, and then tried to see if there was any effect of time after heat-
shiocking in the oxygen uptake in the presence of glucose. Now, if the spores
are heatshocked and immediately placed in the washing flask for a period of
0 to 2 hours afterwards, we still obtain maximal oxidation. However, if these
spores stand for 48 hours in the icebox and then are tested in the washing
flask, there is essentially no oxygen uptake, and what we originally got in
15 minutes is gene besides. However, if there is an additional heatshock
addcé to this 48-hour suspension, additionally heatshocked for ancther hour
at 559C, it is practically returned, but we are never able to return it com-
vietely to the optimum condition. Within 24 hours, we are nearly able to
rolurn the oxidation activity to the maximum but not completely. And if we
ait one week and re-heatshock, it is about gone. In the way of explanation,

have neoticed that pessibly after we heatshock for an hour, we did stimulate
significantly the endogenous respiration so that the spores may be utilizing
wniormediates that are not then being replaced by addins glucose afier a weel,
© can show that heatshocking alone is not necessary to demonstrate oxidation
n the spores hecause, if we take the ungerminated spore and heatshock it, HAe

,

[

s

b

Nave wocurve like that chown in “igure 17. Both +~ germinated swore and the
cesmtaineed spore densnairate very closely eguivalent oxygen uptake, figure
serpes of submtrates, and other carbohdrate intermediates we used
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Figure 16. Effect of Storage on Glucose Oxidation by Heat Shogked Spores,
The curves ¥ith the solid circles are for 3pores which were
reheated for g minutes at €56(C,
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ungerminated spores were heated for 60 minutes at 85°C.
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Carhanydrate Oxidation by Intact Spores of B terminalis.
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We ruptured the spores by oscillation and by grinding in thc Baring
Blendor with superfine beads for a perica of 30 minutes at 390 (Figure
Rupturing sporvs is a very difficult proceduie. We have no. accompiished
any rupture of 100 percent, but somewhere between 50 anud ¢0 percent with the
superfins teads in the Waring Plendor followed by centrifugation. 7This has
becen carried out in phosphate buffer. This bead uxiract is then placed in
a Warburg flask in phosphate buffer and glucuse added. The spore extract iun
the presence of yeast extract shows maximal oxidation. The yeast extract
could be completely replaced by DPN. The spore extract “hen was dialyzed,
and the dialyzed extract would also oxidize. These other materials were
addie d to the dialyzed extract, indicating what components were necessary in
this oxidation, Although we have been able to see that only the noa-
phosphorylating shunt is in operation in the intact spore, here is a require-
ment for ATP which would indicate that a phosphorylation is involved. We
repeated that work which we did with the intact spore; that is, we used other
cartohydrate substrates with the extract and could still obtain the activity
with this material (Figure 20)., With pyruvate we were still ablc to obtain
significant oxidation. Glucinate and 2-keto glucinate, which were on the
level with pyruvate in the intact spore, are negative here or of the order of

the endogenous respirafion,

19)
3

SKIPPER: When you disintegrate your cells by sonic or cther means, you ther
I assume, spin down everything and just use the extract?

CHURCH: Yes, it is centrifuged at around 15,000g's in the Sorvall when you
extract the spore. Figure 21 illustrates the pathway th2 glucose is travelliny.

HALVORSON (Mich.): One thing that interests me very much is the fac* that
enzymes have been made active by means of heat shocking., The eazyres that
have been active are heat rcsis;ant The enzymes that have been exposcd when
the cpore was ruptured and fixed is ihe supornatant ar heat scasitive; but
in germinating and rupturing the srore some thing ' as been done to the enzymes
that make them lose their heat resistance. JIn the heat shocking alone, they
are still heat resistant.

MANGUN: HWHell, they are the same enzymes, don't you think?

HALVORSON (I1'.): Yes.

MANGUN: I believe that. We only know of a few things that render enzymes
neat stable: sodium caprylate, tryptophane, and related compounds will staui-
Yize many of the proteias and enzyaatic activity to plasma.

PAXm: I wonder 1f there is» also the possibility of adsorpiion on smaller

pariiclos?
JETHL O Mow sbout the enzyae's accoss to wnter?  Proteins are more stahle
ey are odre, If vou can dind some way of denving the enzyme acceas to
ot 1L will o he more heat stable
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Figure 21, Glucose Metabolism

MANGUN: Well, since severai ipactivations are associated with protein
primarily by bonding, one can certainly guess that the bonding is very
effective in most cases. In essence, what substances like the capryl:tes
do is tie things up so they can't whip around when they are subjected :o
thermal energy.

KAYE: How about dipicolinic acid that comes out of these spores? 1uil:z i=
a2 very curicus and interesting compound that may be associated nere.

HALVORSON {Mich.): Ve have been very interested in that problem, and I am
sorTy that we didn't have more to say about it here. You have, of course,
o tromendous amount of dipicolinic acid which spews out of the spore., It
mizht Be that dipicolimic acid, perhaps in a polymer form, confers heat
rasistance., We went after this problem to see if we could examir- spores
te find bound or free dipicolinic acid im heatshocked, unheatshocked, and
rminated spores, The first problenm was a meathodological one. We spent
L of nour time getting metheds for analysis of dipicolinic acid. He

d up a methed based on the {erric chloride observation of Powell, and
tographic separations. ¥We don't have enough analytical data, but
there iw & feir amouni of unpolymerized acid.
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WILLIAMS: I am apologetic about starting in on our work because we don't have
any expTZnations to offer. All I can do is give you a few little facts we have
come across in comparatively recent times on the phenomenon which eccurs in
heat inactivation,

The general opinion about this very interesting phenomenon in connection
with spores is that it is actually not heat inactivation but heat injury that
takes place; that is, if a suspension of spores is exposed to a sublethal
temperature, they are injured so that they cannot germinate or grow out as
quickly as they could before. It takes a special media to recover them, and
you get a little lower recovery. The question that this is an injury taking
place is probably not a thing that ought to be criticized too much because
the people who were working then were not doing anything calculated to show
that it was otherwise. They were not doing the sort of experiment which is
necessary in order to demomstrate heat activation, and these were more or less
incidental observations. '

Now what you need to do to show spore activation 1S to expose your suspen-
aion and chserve the count bSsfore and after exposure. In 1943, Curran and
Evans made their first observations on heat activation, and in 1950, Howard
Griffith made a report on PA-833 where he obtained a considerable increase in
the count as 2 result of exposure to heat. He got as much as a 12-fold acti-
vation with one of the organisms on the basis of 15 or 20 minutes of exposure.
The observation that you can stimulate or accelerate germination by mild heat-
ing is fairly well established by now. Some years ago we tried to find out
vhy and to accumulate some of the facts. I have only a few of these facts.
and I'm not too sure about them., We hawe worked with five strains of thermo-
phylls (three obligate and two facultative), with two strains of obligate
anaerobes (Botulinum type A and PA 3639), and with seven strains of B subtilis,
including two strains of var. niger, of differing heat resistance.

I might tell you about the preparation of the spores for testing and how it
was done. The cultures on various media were run for about a week to ten days,
the spores were washed three times with distilled water, and finally resus-
pended in very concentrated amounts in a 0.0333 M phosphate buffer from which
they were diluted out iz various suspending media. The next problem was to
get rid of as many of the vegetative cells as possible without exposing to
heat and without having inactivation. This was finally accomplished by sonic
disintegration of the vegetative cells. When the suspension was exposed to
ultrasonics, a constant ~cunt was obtained in 90 minutes. The vegetative
cells were eliminated wiiiiin 30 minutes, and even n run of an hour and a half
did not decrease the spore count or alter the spore inactivation by heating.
After the suspension was exposed to sonic treatment it was stored at low
iemparature until the experiments on the stock suspension were to be run.

At that time, it was diluted ocut intoc pure mediz and exposed. After comparing
a pumber of studies of recovery media, the one selccied was brainheart starch
rointorced media, We got higher counts with the brainheart starch media then
with any other recovery media winich we tried. There was actually only one
sueern oout o0 this lot that gave any appreciable activation at all. The

st ownu oaeven times az hish after exposure to the temperature used for heat
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If you activate spores and then store them, the activation will be lost
fairly rapidly or comparatively so. It will kte lcst faster at a low storage
temperature than it will be at a leboratory temperature. If ycu attempt to
reactivate, you geot very slight recurrence of the activation by taking these
spores which were inactivated, stored, and reheated back again, The dis~
appearance curve for activation goes down fairly rapidly. If you do not
activate dbut do store the unheated spores, then they can be activated up to
17 or 18 months later. They do not die off very rapidly and they are still
subject to activation., Let me repeat that. If you activate and store spores,
the activatior is lost and can be only partially restored by reheating. If
you do not activate but do store spores, then they can be activated later.

One thing vhich has come out of this is that activation is not as common
as we had once though it was. I think a person who is not familar with it
would get-the impression that activation can be induced or demonstrated with a
spore suspension or any group of spores that you work with, Now our obser-
vation would indicate that this is not true, and while it can be found in some
organisms, it will not stay there indefinitely. The organisms fluctuate in
this respect, We also think it is important that skim milk seems the best
medium to show this heat activation. The effect of milk is shown to corre-
spond rather closely with the concentration of milk. If you dilute the
milk by half with distilled water, you cut down the activation from a six-
fold increase, let us say, to maybe abou: four. If you cut it in half agair,
you cut it down to beiween two and three. If you get as low as 10 percent
milk, you get back in the range of distilled water. Exactly what is concerned
here, we do not know.

MANGUN: Will milk ash have any effect in this connection?
WILLIAMS: That was tested. The milk ash does not have any significant effect.

HALVORSON (Mich.): Before you heat your suspension, how does a direct count
compare with a viable count?

WILLIAMS: Well, unfortunately, I do not have the data on direct count. That
was done; but I don't have the data with me, and I can't tell you.

HALVORSCN (Mich.): 'I am just a little surprised that you get an increase

in piate count by heating. Whether it is a function of your beef heart in-
fusion broth, I don't know; but I know with the spores we have looked at,

and we have looked at seven row, we get 100 percent of our spores to grow in
the plate unless they are very old, If they are very old, the viability begins
to decrease. But with fresh spores, we get 100 percent without heating, com-
paring direct counts with viable counts.

WILLIAHS: No, that wasn't the case in our work. With this organism, that
¥us true; you got an increase in count as a result of heating, a tremendous
incroase in count in some nstances,
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LEONARDS: I have been askzd to say a little about our work on spores, which
s really of a different nature. Our work deals exclusively with the effect
of beta-propiolactone in the vapor state and it has but two virtues: first,
the technique is exiremely simple, and second, my presentation is extremely
short. We have a big box, with a volume of 1300 liters, into which we atomize
propiolactone after proper adjustment of the humidity. Then we analyze the
propiolactone in the air by withdrawing one-liter samples of air and treating
it with hydroximine and ferric chloricde in the usual manner. In that way,

we can follow the destruction of lactone, which as you know, is an unstable
compound even in the vapor state, By varying the concentration of lactone, by
varying the humidity, and by taking samples of spores out of the chamber at
various time intervals, we hope to be able to get some idea about just exactly
what conditions have to exist in order to get spore destruction under practi-
cal conditions, Figures 22 and 23 are merely indications of the relative
instability of propiolactone, and obviously, the instability is greater as
you increase the humidity. The two figures represent lactone at two different
initial concentrations: a high concentration of about 9 milligrams per liter
and a low concentration of around 24 milligrams per liter. Note that, after
just a few minutes in the chamber at the highest humidity (22.9 milliliters

of mercury water vapor), immediate sampling reduced the concentration of
lactone in the chamber from about 8.8 to 5.5 milligrams per liter (Figure 22).
In other words, at a high humidity, the mterial is quite unstable,

SKIPPER: What is its vapor pressure at 25°C?

IEONARDS: Between 2.6 to 2.8 millimeters of mercury, I believe, and that is
equivalent to a maximum obtainable concentration of 10,5 milligrams per iiter.
The maximum obtainable concentration in the big chamber that we have was cu’ -
9.5 milligrams per liter by actual analysis, and even that is difficuit to
obtain. Figure 24 (we have only done a few of the conditions) illustrates two
things. One is that even the highest concentration of lactone that is obtain-
able (9.5 mg/1) is almost completely ineffective against B subtilis var. niger
spores. I should mention that the spores are impregnated in 1little cloth
patches about the size of a quarter, and we count the number of spores by
shaking the patches in 100 cubic centimeters of distilled water and then do
plate counts. At humidities of a little less than half-saturation (11.5 mm

Hg #1,0), the compound is somewhat effective., If you are thinking about
absofute sterilization, you ma¥ as well forget about it; the count is reduced
by about only one log, from 107 to a little above 108. Incidentally, I'm

sure the rise indicated on Figure 24 isn't real. I might mention that about
the best we can do 1r to extract 30 percent of thé spores which we pu* on the
patches when we try to recover by shaking.

HALVORSON (Mich.): Did you drop your patch into a growth medium?

LeGNARDS: Well, we can drop them into a growth medium, but we have to count
thow, E©ssentially, we do drop them into a growth medium if we want to check
far sterility. ’
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CHURCH: There was a study done at Caicago in which the patches impregnated
with organisms were ground in Waring Blendors, and 100 percent recovery was
obtained that time,

LEONARDS: Weli, that might be an improvement over the technique. I might
mention that because this is a completely practical aspect of the work, we
are one of the few contractors that have our procedures writtem out for us
to begin with, This washing technique has been used at Detrick for many

years, and they decided to keep that standard so they can compare it with

previous results,

SKIPPER: If you put up your close-ic-saturation concentration at 25°C in
your chamber, how rapidly does that concentration fall off?.

LEONARDS: Well, I think that is dh;?igures 22 and 23. On both these charts,
the top curve is for zero milliméters of mercury and the bottom curve is what
you get with high humidity.

SKIPPER: There is no air going in or out?
LEONARDS: That is right.
SKIPPER: It falls off just hy adsorption on the walls.

LEONARDS: By adscrntion on the walls, and pribably also by destruction of
the lactone, which is known to be unstable in the presence of moisture.

MANGUN: In the vapor phase?
LEONARDS: In the vapor phase.

MANGUN: Has anyone seen this type of thing in an aqueous media where you
knock out almost all the spores, but there are a few that don't get knocked

out?

LEONARDS: Well, we are not hitting the spores, we are hitting cloth patches
in which spores are impregnated.

MANGON: I know. Wwhat I want to bring out is a possible explanation of this
thing based on some observations made during the war with gas chambers. A
rabbit was put in a gas chamber along with quite a variety of chemicals, of
which lewisite was the most remarkable, Chemical samplers were placed in the
middle of the chamber. Let's say a certain nominal concentration was desired,
and 30 to 90 percent optimal concentration was obtainmed by direct analysis.

If the sampler was placed two inches from the fur of the rabbit, however, the
concentration was almost zero. There must be something like that going on
here, t is an interesting practical peint; perhaps this does happen.
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KAYE: I think we have to exercize caution here and avoid conclusions based
on the bacteriological counts that have been made thus far, This is the sort
of test that is set up so that you have to wait until all the data are col-
lected before you know what the first experiment did.- :

LEONARDS: I think that the most important practical aspect of this thing is
that, in the. vapor state, propiolactone is very ineffective unlcss the humidity
is very high; even at half-saturation at 11.5 millimeters mercury, the largest
concentration of lactone obtainable in the vapor state is relatively ineffec-
tive, I think this is the m:in conclusion that we can reach: if beta-
propiolactone is to be o7 practical use in the vapor statu, it just has to

be wet,

CHURCH: I don't think Figure 24 indicates what effect the high humidity had
on your orgsnisms,

LEONARDS: Oh, it has none. I don't kmow what effect it has on the resistance
or the organism, but it has none on the count. Is that what you are thinking
about?

CHURCH: X was wondering if the organisms were active at low humidity.

LEONARDS: VWell, we can take the organism and dry it on the patches, keep
them over concentrated sulfuric acid for three months, then extract them,
and still get the sama count as if we kept them wet.

SHAVER: I'll throw this in for what it is worth: The Department of Agri-
culture reported some work done on the treatment of wool with lactone to
improve felting properties. Lactone reacted more actively with wool at a
higher humidity. ‘Perhaps there is a similarity beiwean the protein in your
organism and wool, At one time, I thought this was a swelling effect, which
meant that penetration was getting into the active site. Tha® is all we know
about it. '

KAYE: The problem of neutralizing organisms has plagueu --».-“ody over all
these years, yet there isn't very much data, I'm afraid, on whether in vitro
neutralization that might be done in the agar corresponds with in vive neu-
tralization in the body. —

ENGiEY: I have been asked to comment on the reactivaticn, or reincarnation
of, or revitalization of these "mercurial-killed" organisms. The mercurial
compounds piesent a very interesting group of chemicals. It's been known
since at least 1890 that the mercurial's activity as a disinfectant or anti-
septic could be neutralized with sulfhydryl-containing chemicals, so ioday

I have a few charts and tables borrowed firum other people, some work of cur
own, and a few comments on work that we have going on at the present time.




Now, the technique that we have utilized for neutralization 1s the actual
injection of the chemical-organism mixture into a susceptible animal after
exposure, doing thi: at the same time with nutrient broth and thioglyculiate-
containing media. This technique of just putting t%e organism into the animal
isn't new with us. Dr. Nungester at Michigan workea up a technique: of actually
putting the organisms on a mouse's tail, exposing to the disinfectant, snip-
ping off the tail and putting it inside the mouse. Ome <an't do many series
of compourds cr too many dilutions at any particulz. time, but the technique
is very interesting. He used both streptococcus and pneumococcus for that
particular test, as shown in Table XII.

Pierce enc. Tilden did the same work with different compounds (Table XIII).
Early in the '40's, we carriea out similar work by injecting intraperitoneally
the material containing the chemical plus the organisms. Table XIV contains
data from our later studies. I'd like to point out here the fact that it
correlates directly with the test tube inactivation with thioglycollate or
with serum. Now there are all sorts of inhibitors and neutralizers for chemi-
cals in the test tube. But *‘he important point here is ¢~ these chemicals
run into this type of inhibitor under practical use conditicus? Here we have
a practicul use condition, where serum -containa sulfhydryl Iroups as does
the body. I think that this type of test might be continued with uther groups
of organisms where we have no inhibitors. This type of test could be used
practically by exposing the organisms to the compounds,and injecting the
chemicals and the organisms into the body to see if those organisms have been
killed or inactivated to the point that they no longer can cause infection.

In Table XV, we have indicated a test wherein we used the paper disc that
has been used for antibiotic assay. We can compare the diameter of the zone
of inhibition caused by ihe various comnounds on nutrient agar; then, if we
put thioglycollate into the medium, there is no longer any inhibition of the
organism. If we carry it out more practically by putting in 50 percent se-um
(and actually blood does contain about 50 percent serum), then we fizd that
these chemicals have no inhibiting power.

Now this same paper disc assay technique has an advantage in the testing
of this type of compound where it is applied as a tincture; this technique
(Table XVI) will give the same size zone for the aqueous preparation as the
tincture so that we car get rid of the solvent effect in mixtures of chemicals
This is very nice, tecause in doing a phenol coefficient on a tincture prepa-
ration, the activity of the mixture often is due to the alcohol or acetone in
the mixture,

Yeaterday, there were some comments about the use of two chemicals to-
getter with detergents present. Tavle XVII shows sume similar data. If the
surlace-active agent is cationic, it has strong activity on the cells, and
vou wiil get good zones scemeiimes with the serum agar present. Most of the
face-active agents are fairly well neutralized in the presence of large
of organic matter. In this particular technique we were using




TABLE XII. RESULTS OF IN VIV) TESTING OF DISINFECTANTSZ/

ANTMALS
DISINFECTANT OGANISM IROC. % DEAD
Tinc. Iodine 2.0%4  Straptococcus 29 48
Tinc. Mercresin 0.1% 31 94
Tinc. Merthiolate 0.1% 27 98
Tinc. Phemerol 0.1% 31 90
Tinc. Iodine 2.0% Pheumococcus 15 9]
Tinc. Mercresin 0.1% 48 23
Tinc. Merthiolate 0.1% 40 55
Tinc, Phemerol 0.1% 5% 7
Tinc. Phemerol 0.2% 56 16
Tinc, Vehicle 47 68

a. Nungester and Kempf, J Infec Dis, 71:174, 1942,

TABLE XIII. RESULTS OF I§ YIVO TESTING OF DISINFECTANTS
ANIMALS
DISINFECTAMT ORGANISM INOC. % DEAD

Timc. "D.C.-~-12" 0.1% Preumococcusd/ 120 42
Tinc. Metaphen 0.1% A 85
Tinc. Merthiolate " 97
NaC1l 0.85% A 98
Mercurochrome 2.0% Streptococcust/ 3 63
Metaphen 0.2% 8 25
Merthiolate 0.1% 6 66
Phenol 1.08 4 o

a. Pierce and Tilden, J Dent Res, 24:5, Oct. 1945,
b. Morton, et al, J A B A, 136:37, Jan. 3, 1948,
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TABLE XYV. COMPARISON OF IN VIVO AND IN VITRO METHCDS
OF EVALUATING MERCURIAL ANTISEPTIC ACI1iVITY

CONC. DEXTROSE BROTEY
OF USE,  MiCE DEAD + 0.1% + 10%
COMPOUND Percent MKICE INJECT Ep% ALONE THIOGLYCOLLATE SERTM
Phenyl mercuric borate 0.1 8/10 - + +
Merbak 0.1 9/10 - + +
Herthiolate 0.1 10/10 - + +
Mercurophen 0.1 9/10 - + +
Mercuric iodide 0.1 £/10 - + +
Mercarbolide 0.1 8/10 - + +
Merodicein 0.2 10/10 - + +
Metaphen 0.2 7/10 - + +
Mercurochrome 2.0 10/10 : - + +
Mercuric chloride 0.1 10/10 - + +
¥ater 10/10 + + +

a. Mice injected and tubes inoculated with 0.1 millilitar of a 1:2 dilution
of Streptococcus — mercurial mixture after a ten minute sxpocwr at 22°
to 349C, Streptoccocus recovered from heart's blood at autopsy.

b. - = no growth within 7 days; + = growth of test organism.

TABLE XV. COMPARISON Cf THE EFFECT OF NEUTRALIZERS
ON INRIBITION ZONES BY THE PAPER DISC ASSAY METHOD

DILUTION = NUTRIENT AGAR NUTRIENT AGAR = 50%
OF USE,  INHIBITION ZONE,3/ + 0.2% SERUN
COMPOUND Percent millimicrons THIOGLYCOLLATE  AGAR
Phenyl mercuric bBoratc 0.1 33
Mercresin 0.1 32 - -
Levrcarbotide 0.1 32 - -
Merthiolate 0.1 32 - -
Hercurophen 0.1 29 - -
¥ercuric Iodide 0.1 28 - -
Hetaphen 0.2 25 ~ -
Mercurcihronms 2.0 24 - -
.1 23 - -
G.2 18 - -
G.1

18 - -




BY
TABLE XVI, COMPARISON OF AQUEOUS AXD TINCTURE MERCURILALS
BY THE PAPER DISC ASSAY METHOD
INHIBITION ZOWE,2/
PREPARATION millimeters
Herthiolate, Aqueous 30
Herthiolate, Tincture 29.5
Merbak, Aqueous 22
Merbak, Tincture 22
CONTROLS
Alcohol, 95%
Alcohol, 50%; Acetone, 10% —
Water —
a, Twenty-milliliter plates were used.
TABLE XVII. COMPARISON OF THE EFFECT OF SURFACE ACTIVE AGENTS
ON MERCURIAL ACTIVITY BY THE PAPER DISC ASSAY METHOD
MEDIUM
NUYEIENT AGAR S0k
SURFACE NUTRIENT + 15 SERUM
ACTIVE AGAR THIOGLYCOLIATE AGAR
MERCURIAL AGENT Zone of imhibition, millimeters &/
Mercurochre . 1% 23 —_— -
Mercurochrou.. 1% Plus Duponol 1% 25 26 -
Duponol 1% 24 23 —
Mercurachrome 1% Plus Roccal 1% 20 17 15
Roccal 1% 26 25 18
Mercurochrome 1% Plus Triton A20 1% 27 — -
Triton A20 1% - - -
. Tivz-nmilliliter plates were used.
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I think it is very important in testing cnemicals, not only te do it in
the test tube, but also to do some use apnlications o see if they are going
to work in practice, whether it s :n stainless stesl pans, on the skin, or
on impregnated cloth.

Another important point on the mercurials we've been studying in the past
few years. Mcrcurials, you know, are us«d vary freguently as preservatives
in vaccine and in serum, and I've always worried about them because the mer-
curial compound will get tied up with protein very readily. We set up typhoid
vaccine, added mercurials and other preservatives to the vaccine in the re-
frigerator, and then added a standard number of organisms: 300 per milliliter
of B subtilis spores, S aureus cells, and Escherichia freundii L (because
that:5 a common contaminant of plasma). If we add the organisms at zero time
vhen we add the chemicals, we find that the mercurials are very effective in
controlling the organisms that are added; howvever, if we let that vaccine sit
for six months in the refrigerator with the chemicals present and then add the
organisms, we find that, in the case of the mercurials in particular, the
organisms stay alive, As a control on this, we have used formaldehyde, and
find that the fcrmaldehyde is still able to prevent these organisms from grow-
ing after six months, 1In plasma, these mercurial compounds have even less
activity., We haven't done this quantitatively to find out how much of the
mercurial is taken up as we increase the amount of protein.

Now it has been shown in previous work that spores remained viable in
mercurial preparation for as long as ten years, and when taken cut and put
irto thioglycollate medium, or into serum medium, they became reactivated,
germinated, and grew into colonies. This brings up the question of the use
of mercurials as preservatives, and it also brings up another problem that
we are just running into. If we have a lot of protein present in the vaccine
and mercurial is added, then it doesn't ac any particular inactivation of the
vaccine antigen. However, in the polio vaccine which is being put out on the
market, they ran into difficulties with preservativesz in this respect: if
they added merthiolate alone to the polio vaccine, the merthiolate not only
combined with the polio virus but destroyed it as an antigen. Now they have
added versene to the polio vaccine to control the merthiolate. We've just
star-ted tests to determine whether the mercurial is going to be a preservative
vhen it is tied up by the versene. So you can see the difficulty that we run
into with the mercurials.

I think that practical types of tests such as the ones that we've used
should be applied to other chemicals in order to answer the question of
whether the organisms are killed, inactivated, or go devitalized that they
can no lenger cause infection in the experimental animals which are sus-
~eptible. I think that should be kept in mind with the testing of the
other chemicals, Some of the inactivators or neutralizers that are used
hav no relation to actual body conditions, although they are vervy inter-

ting Lo use in the laboratory to see if' you can get the organisms back.
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